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ABSTRACT 
Whey, a byproduct of cheese industry is generally discarded due to lack of expertise to 
convert it into various products in Pakistan. As a dairy effluent its COB and BOD values is 
60 to 80 and 30 to 50 g/L respectively due to a high organic load. In the present 
investigation, a little effort is being carried out to pasteurize (by LTLT and HTST process), 
concentrate (38 & 48%) and convert it into powder (dried at 160 and 180°C) to conserve and 
increase the shelf life of whey, which later on can be used in different products. The use of 
membrane filtration to transform the whey into concentrate was not considered in this study 
because of its unavailability in Pakistan. The impact of selected processing techniques on the 
whey attributes was studied through various physicochemical, SDS-PAGE and RP-HPLC 
analysis. The pasteurized and concentrated whey samples were stored at low temperatures 
(4°C for pasteurized whey and 4°C, -20°C for concentrated) for the period of 7 and 60 days 
respectively. The powder samples after vacuum packaging were stored at room temperature 
for 6 months. The analysis showed that the raw whey contained fat (0.3%), protein (0.76%), 
NPN (0.15%), lactose (4.76%), total solids (6.2%) and ash (0.43%) contents. From the 
results of pasteurization, it was concluded that LTLT is the better option for whey 
pasteurization considering the protein denaturation through NPN, SDS and RP-HPLC 
studies.  The concentrated whey (CW) samples showed the increase in acidity (0.22%), NPN 
(0.116%) and decrease in pH (0.9), fat (0.05%), protein (0.018%), lactose (7.37%), total 
solids (3.37%) during 60 days storage period.  The viscosity of CW increased (640 to 654cP) 
during storage. The SDS-PAGE chromatogram and RP-HPLC profile of CW showed the 
54% denaturation level in α-Lb and 61-84% in β-Lg. For the whey powder (WP) production, 
CW @ 48% was used and dried by the spray drying process at two (160 and 180°C) inlet 
temperatures. It was found that moisture content of whey powder increased 4.11 to 5.22%, 
acidity from 2.30 to 2.50%, lactose content decreased from 66 to 61%, NPN increased 
(0.14%), foam stability decreased (0.52) mL, turbidity increased from 54 to 63% in WP for 
samples dried at 160°C and 65 to 75% at 180°C. WPNI of whey sample was in the range 4 to 
5mg/g. SDS-PAGE indicated the dimmer and aggregate formation near 36 kDa and 70kDa 
bands due to protein denaturation. The intensity of these bands increased with the 
temperature and storage period. The RP-HPLC profile indicated that βLg denatured up to 
94% at 160°C and 52% at 180°C. The native structure of BSA and CMP was less affected by 
spray drying. It is concluded from the present effort that the LTLT and concentration at 48% 
are better the production of pasteurized and concentrated whey. Regarding the condition for 
the production of powder, the 160°C is the good option for getting the powder with good 
foaming capacity, turbidity, and solubility point of view; however for the foam stability and 
other properties 180°C would be the preferred temperature.   
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Chapter 1               INTRODUCTION 
Milk is a biotic secretion of the mammalian gland to feed their newborns and provide them 
nutrients for growth and development. It is composed of lactose (5%), proteins (3.2%), lipids 
(4%) and salts (0.7%). Milk proteins are broadly classified into two groups, casein 
(phosphate-containing proteins) and whey protein. Caseins are about 80% of the total milk 
proteins consisting of α-s1, α-s2, β-casein and k- casein present in the 4: 1: 4: 1 ratio 
respectively (Amigo et al., 2000; Fox and McSweeney, 2001). Whey proteins are almost 
20% of the total milk proteins, composed of β-lactoglobulin (50%), bovine serum albumin 
(10%), α-lactalbumin (20%), and other minor proteins (10%) like lactoferrin, peptone, 
proteoses (Jaun et al., 2009). The percentages of casein and whey protein fractions are about 
2.7 and 0.08 g/100 g of milk respectively (Modler, 2000; Fox and McSweeney, 2001; Jaun et 
al., 2009). The casein to whey ratio differs among different species, in human milk the 
proportion is 40:60 while in cow and buffalo milk it is 80:20. The ratio is found to be same in 
sheep and goat as that of cow and buffalo but equine milk has 50:50 (Fox and McSweeney, 
1998; Yalcin, 2006).  
Milk can be pasteurized, ultra heat treated (UHT), fermented and transformed into different 
dairy products like yoghurt, butter, ice-cream, evaporated, concentrated, dried milk powder 
and cheese. Cheese is the name of fermented milk product produced in a wide range of forms 
and flavors (Tetra Pak, 2003). It is a popular food due to its diversity in use, nutritional value 
and taste. There are thousand varieties of cheeses in the world which are classified on the 
basis of their appearance, manufacturing procedure, ripening characteristics and chemical 
composition (Ahmed et al., 2008). 
During cheese making the milk is first converted into protein gell either from rennet or edible 
acids. A greenish liquid remained after cheese production called the whey (Zimecki and 
Kruzal, 2007). It was considered as waste product of cheese industry, but its nutritional status 
raised the importance from waste to co-product (Gill et al., 2000). Liquid whey has 50% of 
total solids of the milk. It contains 0.6-0.7% minerals (5% w/v) lactose, (0.6-0.8% w/v) 
soluble proteins, (0.2-0.5% w/v) lipids (Kosikowski and Wierzbicki, 1973; Coton, 1976; 
Foegeding, et al., 2002; Fox and McSweeny, 2003). Whey salts are composed of more than 
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50% of potassium chloride, sodium chloride and salts of calcium phosphates. It also contains 
significant quantities of  lactic acid, citric acid, non-protein-nitrogenous (NPN) compounds, 
and vitamin B complex (Kosikowski, 1979; Marwaha and Kennedy, 1988).  
Depending upon the coagulants (acid and rennet enzyme) used in the curd formation of milk 
during cheese manufacturing; it is mostly classified into acid whey and rennet whey or sweet 
whey. Hence whey composition depends upon the coagulant used. In acidic coagulation, 
calcium lactate is formed by the removal of calcium from calcium casein complex (Stanciuc 
et al., 2010). Coagulatison by enzymes includes splitting of milk protein (K-casein), which 
results in the formation of Ca para-caseinate, hence the Ca is not removed from the 
coagulated proteins. β lactglobulin, immunoglobulin, α lactalbumins and serum albumin do 
not precipitate and remain in the solution form (Foegeding et al., 2002; Parodi, 2007) with 
other proteins (lactoferrin, lysozyme and lactoperoxidase) which have important 
antimicrobial functions (Marshall, 2004; Parodi, 2007; Otte et al., 2007). 
Whey proteins are considered the useful ingredients in infant formula because of their low 
allergen causing ability (Omole et al., 2012). The vitamins and minerals have high 
bioavailability along with branched-chain amino acids such as valine, isoleucine and leucine 
(Ha and Zemel, 2003). Whey proteins help to regulate the immune system, increase muscle 
strength and prevent a number of diseases like heart problem and weakened bones. In 
addition, whey plays important role to inhibit oxidation, hypertension and tumor formation 
and also act as hypolipidemic and chelating agent (Park and Jaurez et al., 2007).  
Functional properties like solubility, whip ability, emulsification, viscosity, gelation, foam 
formation, firmness, creaminess to end product and heat stability has made it useful 
component in beverage industry, confectionary, desserts manufacturing and dairy and bakery 
products (Foegeding et al., 2002).  Whey derivatives such as whey protein concentrates 
(WPC) having excellent functional properties, desirable sensory characteristics and high 
nutritional quality are used in broad range of food product applications. Liquid whey is 
usually not used as a food ingredient, so it must be further processed into various products 
that are more commonly used in the food industry. Whey powder, WPC, hydrolyzed whey 
protein (HWP), reduced-lactose whey, whey protein isolates (WPI), and demineralized whey 
are the products obtained from whey (Marshall, 2004). Realizing the nutritional, functional, 
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neutracutrical importance of whey ingredients particularly the whey proteins, the market for 
whey products is a rapidly growing depending on its protein content (Wright et al., 2006; 
Yetim et al., 2001).  
Whey produced in the earliest times of cheese production was dumped into rivers, sewerage 
and even the ocean because of the cheapest method of disposal. But these methods were 
increased the environmental concerns and regulations (Naik et al., 2009).  Whey has high 
Chemical Oxygen Demand (COB) 60 to 80 g/L and Biological Oxygen Demand (BOD) 30 to 
50 g/L due to its high organic load and high concentration of lactose. It affects the structure 
of soil, causing reduction of crop yield. When whey is disposed off  into water bodies, 
disturb the marine life by removing the dissolved oxygen. In short, it severely affects 
environment and human health as well. To overcome these problem an effective and long 
term solution is required (Merina et al., 2001).  
Most of the advanced countries have set the regulation regarding the disposal of whey into 
the water bodies. Different techniques can be used for the biological waste water which helps 
in the safer disposal of whey, but these techniques or methods are expensive. So instead of 
waste water treatment, the better way is to convert the whey into value added products, 
which may reduce the disposal costs and increase the profitability of cheese industry 
(Smithers, 2008).  
In Pakistan, cheese production and consumption is raising, which ultimately would increase 
the production of whey in the country. Very small quantity of whey is transformed into whey 
powders in the industry and the rest is being drained into sewerage water. The quality of 
whey powder produced is very low, due to which it is mainly consumed in the animal feed, 
rather then as ingredient in food products. This research project was planned to study the all 
stages of processing of powder from pasteurization to powder making which may affect the 
quality of powder. 
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Objective 
1. To study the physico-chemical characteristics of buffalo cheddar cheese whey. 
2. To study the influence of different processing techniques (pasteurization, 
concentration and drying) on the characteristics of whey proteins. 
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CHAPTER 2           REVIEW OF LITERATURE 
Review of literature" is an explicit, reproducible and systematic, method for identifying, 
estimating and producing the existing body of completed and recorded work produced by 
scholars, researchers, and practitioners." It enlightens the finding of the related studies and 
eliminates the possibilities of unnecessary duplications of research. A lot of work has been 
done on whey processing and its utilization in different value added product formation due to 
its functional, nutritional and health benefits. 
Whey components and their derivatives play physiological roles and also give functional 
attributes in the food products. These foods have the ability to promote health and tendency 
to overcome the risk of diseases. Their regular use in balanced diets is useful for nutritional 
deficiencies (Chatterton et al., 2006; Smithers, 2008). The present study is designed to 
pasteurize, concentrate and transform the buffalo cheese whey into powder. The impact of 
different processing parameters on different quality attributes of these products was 
evaluated throughout the storage.  
To support the study, literature has been reviewed under the following headings: 
2.1 Whey production; a historical view  
2.2 Whey composition and its nutritional aspects 
2.3 Commercially available whey products       
2.4 Functional properties of whey proteins 
2.5 Major whey processing techniques 
2.5.1 Whey Pasteurization 
2.5.2 Whey concentration 
2.5.3 Spray drying of Whey 
2.6 Effect of heating on the whey proteins  
2.7 Effect of freezing on whey concentrates 
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2.1 Whey production; a historical view 
Whey is the by-product of cheese manufacturing industry (Thompson et al., 2009). It is 
transparent liquid portion of milk containing whey proteins, lactose and minerals. The whey 
proteins are isolated with the help of different techniques in various forms such as 
concentrates and isolates. Regulation to prevent the elimination of untreated whey and 
recognizing the value of whey constituents in terms of its nutritional and functional 
properties (Laye et al., 1993; Morr and Ha, 1991;Smithers, 2008), its conversion into product 
accelratedin the 20th century. 
The Dairy Council of United States Export reported that there is an increase from 5.6 tons to 
24.5 tons of whey protein concentrates from 1996 to 2001 respectively. The U.S. produces 
490,000 tons of whey powder and condensed whey as well as 190,000 tons of whey protein 
concentrates in 2009. The major whey producers are included EU, Canada and China.  
Mexico, some countries in South America and Russia are clearly emerging markets (USDEC, 
2003). 
There are two main types of liquid whey, acid whey and sweet whey. Sweet whey is a white 
to cream colored product which is separated from the cheese production through rennet 
coagulation (Conti et al., 2007). pH of sweet whey falls in the range of 5.8 to 6.3 that’s why 
used in the food industry. Acid whey is a product of acid casein or directly acidified cheese 
such as cottage and cream cheese. Acid whey was made by acidification of milk and casein 
precipitates at pH 4.6. Mineral content are high in acid whey, (mainly calcium phosphate) 
while sweet whey has relatively low concentration of minerals, therefore can be used in 
frozen desserts, snack foods and salad dressings (USDEC, 2003). 
Discharge of whey into fields, sea/ocean and waterways is problematic, sometimes it is used 
in animal feed. Disposal of whey in lakes and rivers removes the financial burden of 
removing the whey waste treatment centers. In recent years, many restrictions were put by 
the Environmental Protection Agency (EPA) for the removal of whey by the method of land-
diffusion, which is a motivation to uses for whey products (Casper, 1999; Gagnaire et al., 
2009). Different methods have been reported for the efficient removal of whey and the 
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conversion whey to various products as whey powder, whey lactose and whey proteins 
(Smilowitz, 2005; Belobrajdic et al., 2004). 
2.2 Whey compositions and nutritional aspects  
The composition of acid whey and sweet whey vary considerably, but the average value of 
total solid is about 6%. Liquid whey contains protein (0.7%), lactose (4.9%), ash (0.7%), fat 
(0.05%) and total solids (6.35%) (Smithers et al.,1996; Pisecky, 2005). The whey has many 
important constituents of the protein like α-lactalbumin (21%), ß-lactoglobulin (54%) and 
glycomacropeptides, lactoferrin, immunoglobulins, bovine serum albumin, lactoperoxidase 
and lysozymes (Zydney, 1998; Chatterton et al., 2006; Jovanovic et al., 2007; Fox and 
McSweeney, 2003).  
 They have exceptional biological value which exceeds that of egg protein by 15% and a 
range of other common edible protein (Stanciuc and Rapeanu, 2010). Whey proteins can also 
be considered as “fast proteins” because they reach the jejunum very quickly and after words 
their hydrolysis, digestion and absorption take place over a lengthy period in the intestine 
(Yalcin, 2006). The amino acid composition is the significant feature in describing food 
protein quality, disgestibility and bioavailability (Severin and Wen-shui, 2005). Among the 
whey protein amino acids, leucine is particularly key factor in tissue growth and repair 
(Anthony et al., 2001).  
Valine, isoleucine and leucine, are believed to play a role in regulating protein metabolism, 
lipid metabolism and glucose homeostasis, and play a part in weight control (Walzem et al., 
2002; Smilowitz et al., 2005; Smithers, 2008).  Whey proteins are rich in sulphur containing 
amino acids, cysteine and methionine. It contains three to four times more bioavailable 
cysteine (i.e. cysteine in a way that the body can easily use) as compare to other proteins 
(Walzem et al., 2002). These play significant function as anti-oxidants, in one-carbon 
metabolism and as predecessors to the glutathione which is investigated as anti-aging agent 
(Shoveller et al., 2005; Omole et al., 2012). 
Beta-lactoglobulin (β-Lg) is 10% of the milk protein and the major component of whey 
protein comprised of 162 amino acids having 18 kDa molecular mass at a pH of less than 3. 
(Morr and Ha, 1993; Sawyer, 2003; Francis and Wiley, 2000; Harper, 2004). β-Lg has a 
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range of fundamental dietary and functional properties which make whey products an 
important ingredient in the formulation of designer foods and beverage (Chatterton et al., 
2006). It contains temperature and pH sensitive structures. (Kinsella and Morr, 1984).The 
structure of β-lg is pH dependent, having molecular weight of 36.7 kDa in solutions above 
their isoelectric point of  pH 5.2. Below pH 3.5 and above 5.2 the dimer is polymerized to a 
147 kDa octomer (Swaisgood, 1985; Creamer and Sawyer, 2003; Frapin et al., 1993).  
Alpha-lactalbumin (α-La) is a small globular whey protein fully synthesize in the mammary 
gland. It represents 20% of the total protein in whey, having 123 amino acids. It is calcium 
binding protein (Ramboarina and Redfield, 2003) that regulate lactose biosynthesis by acting 
as coenzyme (De Wit, 1998). It has molecular weight of about 14.2 kDa and its concentration 
in milk is 1-2 g/L (Brew, 2003). 
Bovine Serum Albumin (BSA) is a rich source of amino acids and about 10 to15% of whey 
protein (Marshall, 2004).  It has molecular weight of 66 kDa and 582 amino acid residues 
(Morr and Ha, 1993). The biological function of BSA is the transport of insoluble fatty acids. 
BSA is the only whey protein that is not synthesized in the mammary gland. It enters the 
milk by passive diffusion from blood streams (Walsh and Duncan, 2000). 
Immunoglobulin (Ig), known as immunity compounds that transfer to the youngs through 
mammary secretions known as antibodies (Hurley, 2003). Ig account for approximately 2% 
of total milk protein and 10% of whey protein (Walsh and Duncan, 2000). These consisting 
of three major classes i.e. IgA, IgG, and IgM (Madureira et al., 2007). Due to the low 
concentration of Ig in whey, it is not thought to have an impact on the functional properties 
of the collective group of proteins. However, there is interest in the potential for passive 
immunity to humans (Hurley, 2003).   
Glycomacropeptide (GMP) is a protein also called as casein macropeptide, rich in branched 
chain amino acids. It is found in whey at 10 to 15%, because of the function of chymosin on 
casein during cheese manufacturing. It is deficient in amino acid phenylalanine that makes it 
safe for phenylketonuria patients (Brody, 2000). 
Proteoses peptones are a group of about 30 peptides that collectively represent approximately 
10% of whey protein and are thought to be derivatives of casein hydrolysis and small 
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polypeptides indigenous to milk. While the biological and physiochemical properties of the 
proetose peptones are poorly understood, the clearly identified PP3 has been good surface 
activity and is thought to play role in stabilizing foams and emulsions (Fox, 2003). 
Lactoferrin (Lf) is an iron binding glycoprotein having single chain that makes up less than 
5% of whey protein. It is a protein involve in natural defense system and present in most 
body secretions commonly including milk, colostrum, tears, intestinal mucus, saliva, bile and 
pancreatic juice (Ward et al., 2005). Lf has gained a lot of attention for the potential 
bioactive properties supporting the immune system (Ko and Kwak, 2009). Lactoperoxidase is 
a polypeptide that makes up about 1% of whey protein that has been identified as a natural 
antimicrobial, especially at high concentrations, which offers a possible biological role. The 
molecular mass is of lactoperoxidase is about 78,000 Daltons and is made up of 612 amino 
acid residues (Pruitt, 2003).  
Including protein, whey is a source of other important dairy ingredients including lactose, 
lipids such as sphingolipids, conjugated linoleic acid, minerals and vitamins such as vitamin 
B6 thiamine, B12, pantothenic acid and riboflavin (Nagendra, 2000). Incorporation of whey 
products in the food provides exceptional nutritional benefits. Lactose is carbohydrate of 
milk and is the only sugar of animal origin. Lactose in its pure form is a white, water soluble 
crystalline powder of moderately sweet taste with no odour. It is extensively used in food and 
pharmaceutical industries due to its nutritional importance and multiple functional properties 
(Walzem et al., 2002; Belury, 2002; Harper, 2004).  
Minerals represent a very small portion (0.07%) of milk on a wet basis (Fox, 2009). The five 
most abundant minerals in milk are potassium, calcium, chloride, phosphorus and sodium 
(Cashman, 2006). Each of these minerals plays an important role in cow milk or whey. 
Potassium is the most abundant mineral in milk and whey (also in the sweet whey). It can 
slow down and possibly prevent renal disease and lowers urinary calcium excretion. The 
intake of calcium is complimented with potassium intake to increase its retention in the body 
(He et al., 2008). Calcium can protect major chronic diseases including hypertension, 
osteoporosis and some cancers among other diseases (Miller et al., 2000). Chloride is an 
essential anion and plays an instrumental role in keeping fluid levels in the body. It also 
contributes to control the electrolyte balance. Phosphorus obtained through milk and dairy 
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products can contribute as much as 30 to 45% of the total phosphorus intake of people in 
western countries. Phosphorus plays a pivotal role in metabolism and according to Cashman 
(2002) it is also an essential component of many biological molecules including lipids, 
proteins, carbohydrates and nucleic acids. 
2.3 Commercially available whey products 
Many types of whey products available in the market as concentrates, isolates and 
hydrolysates. The annual worldwide production of whey protein products is about 600,000 
metric tons (Damodaran et al., 2008). They are being used in food industry as they have 
many functional characteristics like emulsification, solubility, foaming ability and gelation. 
(Meza et al., 2010; Hoppe et al., 2008;  Pisceky, 2005; El-Salam et al., 2009). Whey Protein 
Isolate (WPI) is a purified type of whey protein having 90% of protein content. WPI are 
achieved by the process of ultrafiltration (UF) along with diafiltration (DF). Fat and lactose 
have been removed in WPI processing, making it a safe product for lactose intolerant people 
(Geiser, 2003). WPI are being used in infant and sports formulas to increase protein 
concentration of product or they can be hydrolysed to get important peptides (Lucena et al., 
2007). 
Whey protein hydrolysates (WPH) are produced through enzymatic such a fungal protease 
and papain or acids or alkali hydrolysis of concentrated whey proteins into peptides of 
varying sizes and free amino acids (Sinha et al., 2007). The degree of hydrolysis is the term 
used to describe the extent in which a protein has been hydrolyzed by proteases and it plays a 
role in the functionality of WPH, with their variable functionality and high nutritional value, 
have been used in a number of products including acid beverages, fruit juices, nutrition bars, 
tablets and supplements, pet food, yogurt drinks and smoothies, infant milk formula, 
convalescence foods, meal replacement products and weight management products (West 
and Gallagher, 2007).  
Whey Protein Powder is dried form of whey containing 11-14.5% of protein and 63-75% of 
lactose.  It is present in different forms such as acid whey, sweet whey, reduced whey and 
demineralized whey. Whey powder is being used in many food products. In food industry it 
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has been added in bakery, beef, snacks, confectionary and dairy products. Both reduced and 
demineralized varieties are added in products except sports nutrition (Hoppe et al., 2008). 
2.4 Functional properties of whey proteins 
Whey proteins have many functional properties such as gelling, emulsification, foaming or 
whipping, viscosity, higher solubility and water binding ability. These are present in round 
folded form which increase their solubility and efficiency during emulsification and 
whipping functions (Gobbetti et al., 2002; Cheison and Wang, 2003). During whey protein 
concentrate formation different factors are controlled in order to improve their physical 
attribute such as ionic environment, pH, concentration and heating action that control their 
functionality in different food products. In manufacturing of whey protein, every aspect of 
the process including the type of cheese produced and the starter culture as well as the 
processing conditions can contribute to the functionality of the whey protein ingredients 
(Onwulata et al., 2004). 
Gelation or gel formation is an intermediate state between a solid and a liquid which is also 
defined as ‘a substantially diluted system that exhibits no steady state flow’ (Damodaran et 
al., 2008). Basic structure of protein is sustained by different chemical forces including ionic, 
hydrogen, hydrophobic and disulfide bonds. A proper balance of protein-protein as well as 
protein-water interactions fundamentally controls gelation mechanism and the gel 
appearance. If the protein protein interactions are much greater than the protein-water 
interactions mostly a precipitate is formed (Damodaran et al., 2008). Gelation property is 
influenced by the calcium content of food. The free form of calcium plays vital role in 
establishing gel structure and also has affect water holding characteristics. In food products 
these gels hold water and additional food constituents other than protein (Meza et al., 2010). 
Water binding is one of the important functions of whey proteins. They bind water and 
therefore increase viscosity and texture of the product. As they replace oil with water 
therefore decrease the product cost and improve the body and mouth feel of low fat foods. 
This property of whey protein concentrates is being used in reduced fat salad dressings, 
seafood and chopped meat products. Whey protein concentrates used in salad dressings, 
processed meat and sausages improve water holding capacity; therefore, better quality 
product is obtained (Johnson, 2000). Solubility depends not only on water-binding capacity 
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but also other factors such as water holding capacity. However, these characteristics of 
protein ultimately contribute to the desirable textural attributes to most food applications 
such as bakery products, desserts and meat substitutes. The temperature is negatively 
correlated with protein’s water binding ability since hydrogen bonds are not stable at higher 
temperatures. Whey proteins are highly soluble even at their isoelectric points because of 
large ratio of surface hydrophilic to hydrophobic residues. Moreover, they are soluble in the 
pH range of 2-9 which makes them suitable for incorporation into various food products such 
as carbonated beverages at acidic pH. Generally at low ionic strengths salts screen surface 
charges and the solubility of globular proteins, but at higher ionic strength salts have ion 
specific nature on solubility (Damodaran et al., 2008).  
 Foamability is the incorporation of air into the protein. Its level is measured by measuring 
the increase in the volume of foam (Ercelebi and Ibanoglu, 2009). Whey protein has the 
ability to act as a foam stabilizer due to the surface active properties of β-Lg. The pH and the 
presence of ionic compounds determine the foaming properties of whey protein. Whey 
protein exhibits foaming properties over a wide variety of pH levels and is best at or near the 
isoelectric point. Salts influence protein foamability and are removed when foaming is not 
desired or added when foaming is desired (Fennema, 1996; Zayas, 1997; Wierenga et al., 
2006; Raikos et al. 2007). 
Emulsification property of whey proteins is due to its excellent surface activity in the food 
system. They form a protective layer by adsorbing to the oil-water interface, which avoids 
drops from coalescence. Hydrophobicity of the surface effects the adsorption of whey 
proteins which is used to determine the affinity of the protein to the oil-water interface and 
flexibility protein which determines the ability to grow in the oil water interface 
(denaturation surface). When β-Lg adsorbed to an interface, partially denatured leading to 
exposure of its free sulfhydryl group. Free sulfhydryl group becomes reactive after display on 
the surface and interact with the disulfide groups or free sulfhydryl groups on other protein 
molecules (McCrae et al., 1999). Utilization of whey protein for emulsification is common in 
products such as processed meats and many dessert items like ice cream. The emulsifying 
properties of whey protein are most affected by pH and tend to have poor emulsifying 
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properties at the isoelectric point and good emulsifying properties away from the isoelectric 
point (Smith and Culbertson, 2000) 
2.5 Major whey processing techniques  
2.5.1 Whey pasteurization  
Pasteurization is process where heat is used to destroy harmful pathogens without altering the 
flavor or nutritional value significantly. The preservation of foods by heat is very old since 
the discovery of fire. Vat pasteurization is the ancient method for heating  in a large tank at 
least for 30 minutes, so it is mainly used in the dairy industry for the preparation of milk for 
propagation of starter cultures in the production of cheese, yoghurt, buttermilk and pasteurize 
some ice cream mixes. This method is also called Low Temperature Longer Time (LTLT) 
pasteurization. The most commonly used methods of pasteurization by the dairy industries is 
high temperature short time in which the milk is heated at 72°C for 15 seconds (Bren, 2004). 
A new method Higher Heat Shorter Time (HHST) is a process similar to HTST 
pasteurization, but it uses somewhat different equipment and operates at more temperatures 
for a less time. During Ultra Pasteurized (UP), the milk must be heated to 130°C for two 
seconds after which aseptic packaging is carries out. The UP milk has more shelf life but still 
require refrigeration storage. The pasteurization at 74°C temperature for 15 seconds, stop the 
activity of microorganisms and enzymes without change in sensory and chemical quality 
attributes. Pasteurization at 90°C for 15 seconds is most intense; part of the whey proteins 
become insoluble, all vegetative microorganisms die and most of the enzymes are inactivated 
(Walstra, 2006). 
In the HTST process several phages of lactic acid bacteria survive and for inactivation of 
resistant phages the most heating to 95°C for 1min is required. Pasteurization temperature 
may stop the growth of starter bacteria. The higher is the heating intensity (85°C/20s), the 
greater would be the growth and extreme heating may cause the development of formic acid 
which stimulate the growth of certain lactobacilli. In milk products pasteurized, cooked 
flavor produced by –SH compounds can be reduced by enzymatic activities because plasmin 
and other milk proteinases are not inactivated by pasteurization; hence intense pasteurization 
is needed to obtain resistance to autoxidation. Intensive pasteurization promotes the 
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formation of H2S due to the exposure of free sulfhydryl groups. The process of heating 
accelerates maillard reaction that produces different products which act as an antioxidant. It 
has also been reported that intensive heating to some extent inhibits the autoxidation. At 
HTST pasteurization, killing of the the mesophilic lactic acid bacteria may occur but not 
effective against Streptococcus thermophiles which is a thermophilic lactic acid bacteria. The 
pasteurized heat treatment destroyed spoilage organisms, but do not affect the unique 
features of the treated liquid. The adequacy of HTST pasteurization treatments depends on 
the destruction of M. tuberculosis. A few studies have been conducted on the effect of 
pasteurization on 74 strains of Brucella abortus, 17 strains of human and bovine 
Tuberculosis bacteria, 186 strains of bovine Streptococci, 218 strains of human. Results 
showed that by heating at 160°F (71.1°C) for 15 seconds all types of organisms would totally 
be destroyed (Bren, 2004). 
2.5.2   Whey concentration   
Whey contains higher water content so it cannot be stored for longer times therefore it is 
often concentrated for use in the industry. Different techniques such as membrane separation, 
evaporation, freeze concentration and high pressure processing are used. These techniques 
are employed to reduce the volume of whey by eliminating some of the water in whey and 
increase the keeping quality (Mockaitis et al., 2006). Membrane separation technique is 
widely used for the filtration of biological solutions having, peptides, proteins, salts, amino 
acids and other compounds like vitamins, sugars, and organic acids. Microfiltration has been 
used in milk processing for several decades and nowadays ultrafiltration and nanofiltration 
are the most popular processing techniques in milk and whey concentration (Darnon et al., 
2003).  
Concentrate or retentate are the particles which are collected at the membrane while the 
particles that called filtrate or permeate pass through the selective membrane layer. 
Membrane separations have more benefits over the conventional methods. The process is 
carried out at low temperature which protects the heat sensitive components from injury and 
reduces operational cost. Different types of additives are not necessary for the process and 
there is a good chance to develop many mix technologies. Traditional method of membrane 
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processing consists of membrane separation, e.g. microfiltration reverse, osmosis, 
diafiltration, ultrafiltration and nanofiltration (Atra et al., 2005). 
Pressure is used as a driving force in the ultra and nano filtration membrane processes for the 
concentration and separation of substances that have molecular weight in the range 100-500 
Da for nanofiltration and between 103 and 106 Da for ultrafiltration. A suitable maintained 
membrane with pressure is used for the flow of solution along the surface (cross-flow 
filtration) in both processes. Use of ultrafiltration technique in the dairy industry takes place 
for the concentration and separation of whey proteins. The main objective of ultrafiltration of 
whey is that the native or pre-denatured whey proteins can be concentrated to get whey 
protein powder with different protein content and less ash and lactose content (Saxena et al., 
2009). 
 The nutritive power of the retentate and permeate that are collected in the process of 
ultrafiltration depends upon the retention characteristics of the membranes. The level of 
protein and fat that obtained vary while the quantity of vitamins, minerals and lactose are 
distributed between permeate and the retentate (Hinrichs, 2001). The quantity of lactose in 
same as in the water phase of the original fluid and permeate obtained by the nanofiltration 
process (Saxena et al., 2009).    
Reverse osmosis can be used prior to vacuum evaporation to partially concentrate the whey. 
Removal of lactose and minerals is difficult to remove requires ultrafiltration and reverse 
osmosis processing (USDEC, 2003). Amount of partially retained components in the 
multicomponent solution like whey can be removed by diafiltration, while deionized water is 
added to the retentate to enrich other components. Synergistic effect of different techniques is 
used by combining different techniques like diafiltration with nanofiltration to enhance 
mineral separation by membrane filtration. Whey can be concentrated to a level of 20-25% in 
membrane filtration at below 70°C temperatures economically. More concentration below 
20% is problematic due to fouling of membrane (Gupta and Magee, 2007). 
Dairy products can be concentrated by the application of freeze concentration. The main 
focus of the researcher is now on the freeze concentration by crystallization of dairy products 
in suspension (Qin et al., 2003; Habib and Farid, 2007). It is a substitute technique in the 
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process of freeze concentration of whey. In this regard solid liquid phase separations are the 
basis for the freeze concentration. Low temperature is used in this process which increases 
the retention of thermally delicate components and flavours (Miyawaki, 2003). There are 
three processes in the freeze concentration system crystallization, ice crystal growth and ice 
crystal separation from the mother solution (Sánchez et al., 2009). Purity of the ice indicates 
minimum retention of solutes and the efficiency of the process determined by it. It is reported 
that whey can be concentrated up to maximum concentrations of 25-35% weight (Aider et 
al., 2009).  
Some studies have been conducted on the block freeze concentration (Aider et al., 2007; 
Aider et al., 2009) and layer crystallization concentration of dairy products (Chen and Chen, 
2000). Progressive freeze concentration and layer freeze concentration are the principles 
upon which falling-film freeze concentration is based. During this process, concentrated fluid 
moves over a chilled surface, which produces ice crystals and promote growth of the ice 
crystals on the surface (Sánchez et al., 2009). Ice binds to the surface and the concentrated 
liquid flows down along the surface this causes the separation of ice and concentrated 
solution. The system can be applied successfully to concentrate apple, pear juices (Hernández 
et al., 2010) and sugar solutions (Raventos et al., 2007). 
During the high pressure processing (HPP), different types of changes are observed like 
unfolding of the structure and “hydration” of hydrophobic side chains by the diffusion of 
water into the protein interior structure (Randolph et al., 2002). Hydrogen bonds are present 
in the structure of protein and are associated with contributing a neutral or very little effect to 
the partial molar volume (Considine et al., 2007; Randolph et al., 2002; Cioni and Strambini, 
2002). 
Evaporation also concentrates the liquids resulting with 50–60% total solids. Low pressure is 
always used during evaporation; mainly it helps to boil at a lowerr temperature and thus 
reduces the damage loss due to heating. To avoid structural changes in the proteins, whey 
should not be heated at a temperature higher than 70°C during evaporation (Bakshi and 
Johnson, 1983). Evaporation is carried out under vacuum to decrease the energy consumption 
of the process and also to reduce any heat damage that the product may undergo. The steam 
used to heat the first pass of the product, or effect is used to create a vacuum in the 
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subsequent effects and thereby reduce the temperature required to boil the product. This 
method of creating vacuum is referred to as Thermal Vapor Recompression or TVR. 
Another method of creating a vacuum in an evaporator is using the thermal principal and an 
electrically driven fan to recompress the vapor and achieve a higher level of vacuum and a 
lower boiling point of the product (Gekas and Antelli, 2002). This method of evaporation is 
referred to as Mechanical Vapor Recompression or MVR. Most of the evaporators were 
working with a falling film seven-effect thermal vapor recompression (TVR) machine 
(Refstrup, 2003). Filling film evaporators is well known in the dairy industry. It contains 
several tubes in which whey flows as thin film inside the tube surfaces. A steam heating 
jacket maintained under vacuum surrounds the tubes. Water and condensed vapors removed 
as condensate in the condenser at the bottom of the tube bundle. A vapor cyclone is fitted at 
the outlet of the evaporator and separates the vapors from the concentrated whey. The effects 
are linked with condenser and a vacuum source. In operation the temperature difference 
between the effects is the same and the amount of water removed in each effect is 
approximately same (De wit, 2001). 
2.5.3 Spray drying of whey 
Spray drying process uses the concentrated liquid whey to produce dry powdered form of the 
whey protein isolate and concentrates. During spray drying, the liquid whey is atomized and 
sends it for evaporation of water to pre-dried, hot air (Anandharamakrishnan et al., 2008). On 
the other hand, freeze-drying of liquid whey concentrate is done by a method including a 
deep freeze followed by sublimation process. Freeze drying is a costly process so this method 
is not normally used due to the relatively more cost (Aider et al., 2009). Spray drying is a 
cheaper method and well-established for transforming liquid feed into a dry powder form. 
Recently for the production of whey proteins in powdered form spray drying is preferred 
method. However spray drying may causes thermal denaturation of proteins (Daemen and 
van der Stege, 1982; Masters, 1991; Samborska, Witrowa-Rajchert, and Gonc-alves, 2005, 
Daemen and van der Stege, 1982).  
During spray drying process the solubility of whey proteins are affected by various factors. 
Guyomarc (2000) found that the denaturation of whey proteins takes place mainly during the 
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pasteurization while by the application of spray drying at 160–190°C inlet temperature and 
65–90°C outlet air temperatures, the denaturation occurs to a lower level. Oldfield et al., 
(2005) observed that changing the inlet and outlet air temperatures (from 160°C to 200°C 
and 89°C to 101°C, respectively) did not considerably affect the denaturation of whey 
protein. They also found that whey proteins denatured when skimmed milk was preheated for 
52 seconds at 70–120°C, before spray drying and evaporation. 
In the cheese manufacturing industry, sweet whey powder (SWP) is an ample by product. 
SWP has different functional properties, like bulking, browning, water binding and foaming.  
It is used as an important component in a variety of food industries. The potential of SWP as 
a food component such as whey protein isolate (WPI) or whey protein concentrate (WPC) 
has been recognized by the industry recently due to many reasons. In fact, a large amount of 
SWP is used as a component in animal feeds. Whey protein concentrate has variable 
functionality and flavor so it has limited application in food (Morr, 1990; Morr and Ha, 1990; 
Harper and Lee, 1997). SWP is a complex mixture of different components like, proteins, 
lactose minerals, and small quantities of fat and moisture. These components not only differ 
in quantity but also in quality and physical state shown different types of associations occur 
between these components.  
The lactose either in amorphous or crystalline form is the largest structural element of a SWP 
particle. Fat is present in any non-globular or globular forms, and in air as circular cells. 
Protein, air and fat are distributed in a continuous phase of amorphous lactose (Mulvihill and 
Grufferty, 1997). Different processing conditions affect the  SWP either it is hygroscopic or 
non-hygroscopic and it also effect the resultant physical state of lactose. The quality of 
finished food product is affected by diverse physicochemical properties of SWP as a food 
ingredient, mostly during storage and distribution (Saltmarch and Labuza, 1980). Lactose 
may occur in various forms either crystalline or amorphous in SWP, while proteins may 
occur in denatured or native forms,  in either an unbound or lactose-encapsulated particulate 
state; lipid and moisture may exist in two forms either bound or free.  
Different constituents, such as lactose quantity and form, protein content, moisture content, 
protein solubility, particle size distribution, and bulk density affect the functional properties 
of SWP such as foaming, color, water binding, and solubility. In the last few years due to the 
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more cheese production, the volume of SWP has increased considerably in the world. 
Different types of SWP are available in the market which differs in quality and functional 
properties due to many of the reasons like variables such as whey handling practices, whey 
processing equipment, milk quality, and cheese type. 
2.6 Effects of heating on whey proteins   
The native structure of proteins is the thermodynamically most stable conformation which is 
formed under precise physiological conditions and presents a net product of different intra 
and inter-molecular attractive and repulsive forces (Damodaran et al., 2008). The major 
changes in the secondary, tertiary or quaternary protein structures without breaking the 
backbone peptide bonds are known as protein denaturation. Denaturation can be induced by 
temperature, pressure, pH, ionic compounds or by enzymes. The environmental conditions 
described above cause unfolding of the secondary tertiary and quaternary structure, allowing 
cross-linking of proteins to form hydrophobic, electrostatic, hydrogen bonding and disulfide 
interactions.  
Whey protein denaturation is thought to occur in two steps. In the first step, the protein 
unfolds and sulphydryl interactions on the protein surface initiate covalent bonding. The 
second step involves further interactions resulting in aggregation and ultimately precipitation 
(Anandharamakrishnan et al., 2008; Agrawal, 2008). Whey protein concentrates are affected 
by heat, when set towards low pH which leads the thermal degradation. On the other hand, 
by increasing the total solids from 9% to 44%, whey protein concentrates denaturation 
reduces from 80% to 40% at 80°C (Meza et al., 2010). Whey protein show thermal transition 
in the temperature range of 62-78ºC. The heat stability of major whey proteins has been 
recognized as in the order: α-La <BSA <immunoglobulins <β-Lg. However, denaturation of 
α-La appears reversible (Fox and McSweeney, 2003).  
The thermal transition temperature of native α-La normally occurs at less than 66°C. In α-La, 
there are eight cysteine residues in disulfide bonds and 3 aspartic acid residues that stabilize 
the calcium binding loop. At pH lower than 4, these bonds are broken and the calcium is lost, 
resulting in a partially denatured molten globular structure due to protein unfolding. Under 
favorable pH conditions, between pH 4.5 and 5.5 and above pH 7.5, mild heat induced 
denaturation is reversible upon cooling to 20°C (Walsh and Duncan, 2000). The α-La is most 
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heat stable than other main whey proteins (Fox and McSweeney, 2003). As confirmed by X-
ray crystallographic structures of apo and holo (calcium bound structure) forms of α-La, 
calcium ions stabilize the native structure by allowing the protein to form correct disulfide 
bonds, reduce separation of lobes, assist positioning a buried solvent molecule near the 
calcium binding site, facilitating unfolding due to inter- and intra-lobe hydrogen bonding, 
However, the calcium affinity of α-La decreases at pH less than 5 since the aspartic acid 
residues get protonated which results in low heat stability or denaturation at lower 
temperatures and inability to re-nature on cooling as well (Fox and McSweeney, 2003). 
When subjected to heating, whey proteins get unfolded and aggregate with the formation of 
different intermediate aggregates before a gel network is created (Havea et al., 2002). An 
example for such an intermediate conformation is the molten globule state of α-La has been 
suggested to be unique intermediate state with a partially folded conformation, having some 
similarity to, both the native and fully unfolded state (Fox and McSweeney, 2003; De la 
Fuente et al., 2002).  
The thermal transition temperature of β-Lg is at 73°C. In a study of heat induced 
denaturation of β-lg, Sava et al. (2005) found that irreversible denaturation begins at 70-75°C 
as unfolding occurs and aggregates causing a loss of solubility at 78-82°C. Around 80°C, the 
activation of SH groups due to unfolding during lower heat treatment results in a decrease of 
protein stability affecting its solubility. Sulphydryl/disulfide interchanges reactions in an 
environment with a free thiol group and hydrophobic interactions cause aggregation. Heat 
induced denaturation promotes this interchange reaction as free sulfhydryl groups buried are 
exposed during unfolding and available to react. 
The conformational changes of BSA are reversible between 42 and 50°C, but unfolding of 
the alpha helices of BSA is irreversible between 52 and 60°C (Considine et al., 2007). Its 
structure comprises of three domains which are stabilized by a complex of 17 disulfide bonds 
and one free thiol group. At temperatures above 60°C, α-helices of BSA unfold irreversibly, 
and the thiol group catalyzes aggregation. Due to the high concentration of disulfide bonds in 
BSA, gelation occurs when heated to 70°C due to the intermolecular interactions. However, 
this is dependent upon concentration, and does not occur unless the concentration is 
substantially higher than naturally found in whey (Considine et al., 2007). 
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At natural conditions, the cysteine residues with disulfide bonds stabilize the tertiary 
structure of globular whey proteins along with other attractive and repulsive molecular 
interactions (Monahan et al., 1993). The protein aggregation is mainly a result of different 
molecular interactions such as hydrophobic, electrostatic, disulfide and hydrogen bonding 
and van der Walls forces among the proteins (Lee et al., 1992; Damodaran et al., 2008). The 
rates and pathways of these physicochemical reactions are determined by the factors as 
temperature and heating time, the protein concentration, α-La/β-Lg ratio, pH, ionic strength 
and solvent condition and the influence of other molecules (Iordache and Jelen, 2003; Rabiey 
and Britten, 2009).  
The functions of protein depend on pH, temperature, pressure and also related to their native 
structure (De wit, 2001) which affects the functional properties. Functionality of whey 
protein is also known to be influenced by the degree of denaturation and processing 
conditions (Lefevre and Subirade, 2001). 
General food processing operations including heating, shearing, freezing and drying 
influence the solubility of proteins (Smith, 2003). Loss of solubility governed by an impaired 
rate of hydration and poor reconstitute ability results in altered viscosity, gelling, foaming 
and emulsifying properties of reconstituted protein powders (Kher et al., 2007). Denaturation 
has been shown to decrease solubility and drying processes of whey protein powders have 
also been known to have a negative effect on solubility (Anandharamakrishnan et al., 2008; 
Aziznia et al., 2008). 
The application of whey protein in food manufacturing is highly desirable but the major 
obstacle regarding the whey protein functionality and the consequent applications is their 
heat-induced destabilization. The industrially employed inevitable heat treatments during 
whey protein concentration, spray drying and processing of some food products containing 
whey protein in order to attain adequate safety and shelf life, change the native state of these 
globular proteins and affect their stability by aggregation, denaturation and flocculation 
resulting in destabilization of emulsions, phase separation or protein precipitation (Patel and 
Kilara, 1990). 
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2.7 Effects of freezing on whey proteins 
Lowering the temperature below the freezing point of the product inhibits microorganisms 
from growing and reduces the activity of enzymes. Freezing may cause undesirable changes 
in food that include protein denaturation, textural damage due to the freeze-concentration 
phenomenon (Soliman et al., 2010). Hydrogen bonding helps the proteins to bind with the 
water molecules. With the increase of concentration of proteins in the solution during 
freezing the interstitial water becomes less available. Physical state and proportions of 
different components in the initial solution affects the stability of frozen whey (Aider et al., 
2007). 
The possibility of using the method of freezing for the preservation of concentrated whey 
protein suspensions and the effect of freezing parameters on functional properties was 
investigated by Bhargava and Jelen (1995). They examine the freezing effects on viscosity of 
concentrated whey solutions. They found that the effect of freezing rate cause small but 
statistically highly significant difference in viscosity. Soliman et al. (2010) found that during 
frozen storage denaturation degree and viscosity of whey protein concentrate increased. 
However, the changes in the denaturation and viscosity depend on pH and protein content.  
Freezing resulted in increased viscosity in the range of mechanical behavior observed in the 
spectrum of suspensions without heating, possibly due to protein aggregation occurred during 
freezing. However, no decrease in freezing range viscous behavior of heat treated 
suspensions. In this case, the concentration of freezing and forming ice crystals could have 
produced the modification or alteration of the structure of soluble protein aggregates (Meza 
et al., 2010). 
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CHAPTER 3      MATERIALS AND METHODS 
Research work was conducted in Dairy Technology Laboratory, of National Institute of Food 
Science and Technology (NIFSAT), University of Agriculture, Faisalabad Pakistan.  
3.1 Procurement of raw materials 
Buffalo cheddar cheese whey was procured from Noon Pakistan Limited, Sargodha Road 
Bhalwal, Pakistan.  
3.2 Physicochemical analysis of raw whey 
Initially liquid whey was analyzed for its, physicochemical (pH, acidity, fat, protein, NPN, 
lactose, total solids, ash) minerals, viscosity, SDS-PAGE and HPLC before pasteurization 
and transformation into concentrated and dried whey powder. 
3.2.1 pH of the liquid whey  
The pH of the whey sample was determined by electronic digital pH meter (Inolab 720, 
WTW 82362). Buffer solutions of pH 4 and 7 were used to calibrate the pH meter. Whey 
sample was taken in a beaker, pH meter was dipped in the sample and reading was recorded. 
3.2.2 Acidity of liquid whey 
Acidity of whey sample was determined by titration according to method (947.05) given in 
AOAC (2000). 
Reagents 
1. NaOH: 0.1N 
2. Phenolphthalein (indicator): 1.0 % 
Procedure 
Whey sample (10 mL) was taken in a titration flask and 2-3 drops of phenolphthalein 
indicator were added to it. The sample containing indicator was titrated against 0.1N NaOH 
until light pink end point appeared which persist for few seconds. Volume of 0.1N NaOH 
used, noted from burette and the acidity of milk in terms of lactic acid was calculated 
according following formula. 
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% Acidity (Lactic acid) =  0.009 × Volume of NaOH used   x 100 
        Weight of the sample  
3.2.3 Fat of liquid whey 
Fat determination of whey sample was carried out by the following method as described by 
Marshall, (1993). 
Reagents 
1. H2SO4: 92%  
2. Iso-amyl alcohol 
Procedure 
H2SO4 (10mL) was poured into butyrometer (butyrometer with rubber cork stopper) and 
10.94 mL of whey sample was slowly added along the wall of butyrometer into in the form a 
layer on sulphuric acid, then 1 mL of isoamyle alcohol was also introduced on the top of 
whey. Butyrometer was capped with rubber stopper and the contents of butyrometer were 
mixed carefully by rolling the tube. Butyrometers were then immediately centrifuged in a 
Gerber machine (Funke Gerber Supervision-N, Germay) at 1100 rpm for 5 min at 65°C. The 
fat percentage was noted directly from the butyrometer graduated column. 
3.2.4 Total solids of liquid whey  
Total solids were evaluated according to the method No. 925.23 described in AOAC (2000). 
Whey sample (5 g) was taken in clean, dried and tarred china dish. Sample was heated for 15 
minutes in water bath and was kept in hot air oven for 3-4 hours at 100°C and then cooled in 
a desiccator and weighed quickly. The total solids were calculated as under; 
                  Total solids (%) = Residue after drying (g) x100 
                                                  Weight of sample 
3.2.5 Ash of liquid whey 
Ash was estimated by the method No. 945.46 as given in AOAC (2000). Well-mixed whey 
sample (10 mL) was taken in a crucible and Ash content was determined by igniting the 
sample first on flame for charring and then in a furnace at 550°C until the white ash was 
obtained. The crucible containing ash was placed in desiccator for 30 min, then till the 
constant weighed. Ash percentage in the milk samples was calculated as 
  
 
25 
                        Ash %  =  Wt. of ash x 100 
                                        Wt. of sample 
 
3.2.6 Determination of total protein and non-protein nitrogen (NPN) 
Total protein and NPN were determined using the Kjeldahl method. 
3.2.6.1 Total protein of the liquid whey 
Total protein contents of whey samples were determined by Kjeldahl method (IDF, 1993). In 
this method nitrogen from protein and other nitrogenous constituents is converted to 
ammonium sulphate in the digestion of proteins with concentrated H2SO4. The ammonia is 
distilled into standard 4 % boric acid after making the digest, alkaline. The percent nitrogen 
in the sample was determined by titration against 0.1 N H2SO4. The percentage of protein in 
the sample was calculated by multiplying the factor 6.38 with nitrogen percentage. 
Reagents 
1.  H2SO4     95-98 % pure 
2. Digestion Tablets    1  
3. Boric acid solution    4 % 
4. NaOH      40 % 
5. Sulphuric acid    0.1N 
6. Methyl red indicator  few drops 
The protein of whey was determined according to following steps: 
a Digestion 
Whey sample (10 mL) was poured in a digestion flask. One digestion tablet was also added 
in digestion flask, followed by 25-30 mL of sulphuric acid. Digestion tubes were covered 
with lids of apparatus and then started the digestion. At first it was heated slowly at 40°C to 
prevent undue frothing and then at 80 °C until digestion was completed. The digestion was 
kept continued for at least 2 hours until the clear solution is obtained. For complete cooling, 
it was placed for half an hour until cooled sufficiently.  
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b Distillation 
Digested sample was distilled with NaOH (40 %) in micro Kjeldahl distillation apparatus. 
The distillate was collected in boric acid (4%) solution containing few drops of methyl red 
indicator. When the color of boric acid turned from pink to yellow, time was noted and 
distillation was continued for 2-3 min to trap maximum ammonia in boric acid until bubbling 
stopped. 
c Titration 
The contents of flask were titrated against 0.1N H2SO4 till the pink color end point 
was regained.  
d Calculation 
Total amount of nitrogen (%) was calculated according to following formula total protein 
which corresponds to protein and non-protein nitrogen was determined by multiply with a 
factor 6.38. 
%N2 = % Nitrogen =  Vol.of H2SO4 used (ml) × 0.0014   × 100 
                Vol. of sample 
 
Total Protein (%) = % N2 × 6.38 
3.2.6.2 Non protein nitrogen (NPN) of liquid whey 
Non protein nitrogen content in whey sample was determined by Kjeldahl method of 
International Dairy Federation, IDF (2006). The whey sample which was treated with a 
solution of 12 % tricholoacetic acid (TCA) being precipitated not only protein present in 
whey but also dissolve the NPN. 
Reagents 
1. Tricholoacetic acid (TCA) 
2. H2SO4 (95-98 %) 
3. Digestion tablets 
4. Boric acid solution (4 %) 
  
 
27 
5. NaOH (40 %) 
6. Hydrochloric acid solution (0.1 N) 
Accurately weighed sample (25 mL) was taken in a conical flask, then 20 mL of 12 % TCA 
solution was added. All constituents were shaken well at 90 °C for 15 minutes. After this, 
filtration was done through filter paper by using funnel. Residue on filter paper was washed 
twice with 5 mL distilled water in filter paper. Washing started when all the liquid was 
drained out. Then filtrate was poured in digestion flask, one digestion tablet and 25 mL of 
sulphuric acid were added. Again the whole procedure for proximate analysis of protein was 
used to get results. Then obtained N2 % multiplied with 3.60 to get the NPN %.  
 
% Nitrogen =  Vol.of H2SO4 used (mL) × 250 × 0.0014   × 100 
                Vol. of sample x sample used for distillation 
 
NPN = N % x 3.60 
3.2.7 Viscosity of the liquid whey  
The viscosity of whey was measured according to Farrag et al. (2006). The apparent 
viscosity of whey solutions were measured using a brookfeild DV-I viscometer (LVDVE 
230). The viscosity was carried out at 10-15 °C using spindle number 4 at 10 rpm. 
Viscometer reading was recorded for centipois.                     
3.2.8 Lactose of liquid whey 
Lactose content of the whey sample was determined by the method described in AOAC 
(2000). 
Reagents 
1. Carrez I and Carrez II 
2. NAOH 
3. Ethylenediaminetetraacetic acid (EDTA) 
4. Nicotinamide adinine dinucleotide (NAD) 
5. β-galactosidase 
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Procedure 
Whey sample 1 g was added in a 100 mL volumetric flask along with 60 mL distilled water 
followed by mixing and stored at 50°C for 15 minutes. Afterwards, 2 mL of carrez I and 
carrez II solutions and 4 mL of 100 mM NAOH was added in subsequent mixing. Then 
volume was made upto the mark with distilled water. The filtered sample solution (0.2mL) 
was taken in cuvett and incubated for 10 minutes at 25 °C. Later 2.2 mL of distilled water, 
0.2 ml of EDTA buffer and 0.1 mL of NAD were added at 25 °C. The absorbance of 
solution was measured after 3 minutes at 340 nm and recorded as A1. Then again read the 
absorbance at same wavelength as A2 after addition of 0.02 mL of β-galactosidase 
dehydrogenase. Analytical conditions were  
Wavelength: 340 nm  
Cuvett: 1cm 
Final volume: 2.72 mL 
The lactose concentration was calculated as  
Calculation 
V xMW x A  
dxv 
Where  
V= final volume. 
 MW= Molecular weight.   
3.2.9 Minerals of liquid whey  
Procedure 
Minerals were determined by the ashing method given in AOAC, 2000. Well-mixed sample 
was taken in a tared silica dish and weighed. It was heated first over a low Bunsen flame to 
volatize much of the organic matter as possible. Transfer the dish to temperature controlled 
muffle furnace at about 300 °C until the carbon has cease to glow and then raise the 
temperature to 530 °C. After ashing, 5 mL of HCl was added in the crucible (contain ash of 
the sample) and evaporated to dryness. Then residue was dissolved by adding 2 mL 
concentrated HClO4 and heated for 5 min. Then distilled water was added to make up the 
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volume 100 mL. The prepared samples were loaded in flame photometer (Sherwood flame 
photometer 410, Sherwood Scientific Ltd. Cambridge, UK) for calcium, sodium and 
potassium determination. 
3.2.10 Protein characterization 
3.2.10.1 Characterization of whey protein through SDS-PAGE 
Raw whey, whey concentrate and whey powder (fat free) samples were freeze dried and used 
for sample preparation following to the method of Laemili, (1970). 
Preparation of stock solutions and buffers 
a Acrylamide/bisacrylamide solution 
Acrylamide 40 g and 2 g of  bisacrylamide were taken and volume was made up to 100 mL 
with distilled water and it was filtered and stored at 4 oC. 
b 1.55M Tris HCl (pH 8.8) 
Tris 36.3 g was taken and dissolved in 100 mL distilled water and then pH was adjusted to 
8.8 with 2N HCl and volume was made upto 200 mL with distilled water and was stored at 4 
oC.  
c 0.5M Tris HCl (pH 6.8) 
Tris 6 g was taken and dissolved in 60 mL distilled water and then pH was adjusted to 6.8 
with 2 N HCl and volume was made upto 100 mL in volumetric flask and stored at 4 °c 
temperature. 
d 10% SDS (Lauryl sulphate) 
SDS 10g was taken and dissolved in distilled water and volume was made upto 100 mL in 
volumetric flask stored at room temperature. 
e 10% Ammonium persulphate (APS) 
APS 10g was dissolved in distilled water and volume was made upto 100 mL with distilled 
water, aliquoted into eppendorfs and stored at -18 oC. 
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f Electrode buffer (pH 8.3) 
Ingredients           Quantity 
TRIS                          30 g 
Glycine                    144 g 
SDS                           10 g                        
Dissolved above chemicals in 2 L distilled water and stored at 4 oC. It is 5 times 
concentrated stock buffer. At the time of running of gel it was diluted as 100 mL of stock 
buffer and 400 mL of distilled water of the day of use. 
g Sample buffer; 2 x concentrations (Double strength) 
Ingredients                                Quantity 
                                       Distilled water                                 0 mL 
                                       0.5M Tris-HCl (pH 6.8)                  25 mL 
                                       10% SDS solution                           40 mL 
       Glycerol     20 mL 
   Bromophenol blue       2.5 mL 
h Staining solution 
Ingredients                               Quantity 
Coomassie brilliant blue G-250                6.25 g 
Propan-2-ol                              1000 mL 
Glacial acetic acid                              250 mL 
                       Distilled wate                                   1250 mL 
The above reagents were dissolved and stored at room temperature. 
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i Fixative ingredients  
  Ingredients                                    Quantity 
   Propan-2-ol                                   700 mL 
   Glacial acetic acid                              280 mL 
  Distilled water                               1820 mL 
The above reagents were dissolved and stored at room temperature. 
j Destaining ingredients 
Ingredients                          Quantity 
Methanol                             800 mL 
                                           Glacial acetic acid                  200 mL 
Distilled water                     1000 mL 
The above reagents were dissolved and stored at room temperature. 
Always add the acid last to above solutions and add slowly and use fume hood. 
 k Gel solutions 
i. Resolving gel 
 Ingredients                           Quantity 
 Distilled water                          4.7 mL 
                                          1.5M Tris HCl (pH 8.8)                5 mL 
                                         SDS (10 %)                                      0.2 mL 
    ACRYL/BIS Stock                         10 mL 
   APS (10 %)                                      80 µl 
    TEMED                                            24 µl 
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ii. Stacking gel     
    Ingredients                                  Quantity 
                                     Distilled water                                   6.1 mL 
  0.5M Tris HCl (pH 6.8)                     2.5 mL 
                                      SDS (10 %)                                        0.2 mL 
                                    ACRYL/BIS Stock                            1.3 mL 
                                    APS (10 %)                                         40 µl 
                                    TEMED                                             24 µl 
Procedure 
a) Sample preparation and loading 
The samples were loaded into wells with micropipette. Samples were loaded slowly to allow 
them to settle evenly on bottom of the wells. Cares was taken not to puncture the bottom of 
the well with tip. 
 Whey standard (5 µl) was used as standard for casein samples 
 Whey  samples (15µl) were applied through micropipette 
Lid was placed on mini-tank (made sure to align the colour coded banana plugs and jackets). 
Then electrical leads were inserted into suitable power supply and power was applied to 
mini-protean and electrophoresis was started by applying 90 volt power for 2 hours. 
b) Gel removal 
After completion of electrophoresis, power supply was turned off and electrical cables were 
disconnected. Tank lid was removed carefully lifted out inner chamber assembly; running 
buffer was poured off and discarded. The cams of clamping frame were opened and pulled 
the electrode assembly out of clamping frame and gel cassette sandwich was removed. From 
gel cassette sandwich gel was removed by gently separating the two plates of gel cassette. 
For separation of gels from plates the green wedges shaped plastic gel releaser was used and 
sharp edges of plastic gel releaser was run along each spacer to separate the gel from spacer.  
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c) Staining and Destaining    
Gels were stained by immersing them in gel stain solution overnight and destained the gels 
in distilled water until background was clear. 
3.2.10.2 Analysis of protein using HPLC 
Whey proteins of all whey samples will be analyzed by using the RP-HPLC as described by 
(Juan et al., 2009). 
Ten milligram of the lyophilized powder was dissolved in 1mL HPLC grade water contain 1 
% TFA. The solution was mixed and filtered through a disposable 0.45 um filter before 20 ul 
was injected into the HPLC system. An HPLC system with C18, 300A column at 30 °C was 
used for chromatographic separations. Detection was at 214 nm. 
Gradient elution was used with solvent A: 0.1 % trifluoroacetic acid (TFA) in water and 
solvent B: 0.1 % TFA in acetonitrile. The gradient programme was initial composition 0 % 
B, isocratic step for 5min, linear step to 25 % B in 5min, linear step to 35 % B for 30 min, 
linear step to 50 % B in 10min, isocratic step at 50 % B for 10 min. The flow rate was 1.0ml/ 
min. All the reactants used were of HPLC grade. The whey protein peak was identified using 
a standard of whey proteins. 
Table 3.1: Table for treatment plan 
Project was divided into 3 phases pasteurized whey, whey concentrate and whey powder.  
Pasteurized whey Whey concentrate 
38% and 48%  
Whey powder 
PW1 (HTST) CW1(store at 4 °C) SW1(160 °C) 
PW2 (LTLT) CW2 (store at -20 °C) SW2(180 °C) 
 
3.3 Whey processing 
The liquid whey after analysis was 1st pasteurized, concentrated and then transformed into 
whey powder, in three phases, as given below. 
 
 
  
 
34 
3.3.1 Phase I: Pasteurization of whey 
The whey was pasteurized at two different conditions LTLT (65 °C for 30 min) and HTST 
(72 °C for 15-20 sec.) as given below in flow diagram. 
a Analysis of pasteurized whey 
The pasteurized whey was evaluated for pH, acidity, total solid, lactose, and viscosity, 
minerals HPLC and SDS PAGE by method mention in section in 3.2. The test was performed 
at 0 day 7 day interval during storage of 7 days.    
3.3.2 Phase II: Concentration of liquid whey 
Fresh pasteurized liquid whey is rarely used as such for foods, but it is rather concentrated. 
Cheese whey was concentrated by Armfield rizing film evaporator up to 38 and 48 percent 
total solids. The temperature of the evaporater was 70 oC, pressure 1 bar and vacuum 400. 
Concentrated whey is packed in jars and stored at 4 oC and -20 oC for 2 months.  
a Analyses of concentrated whey 
The concentrated whey was evaluated for pH, acidity, total solid, lactose, minerals HPLC 
and SDS PAGE following the methods mention in section in 3.2. The test performed after 15 
day interval during storage of two months.  
 3.3.3 Phase III: Preparation of whey powder 
From concentration to drying all operations were carried out in Food Technology 
department, Government College of Technology, Samanabad Faisalabad. Liquid whey was 
dried in to powder by following steps. The concentrated whey at 48 % total solid was 
selected for spray drying. 
 a Spray drying  
Concentrated whey was spray dried by using Armfield spray dryer at 160 °C and 180 oC Inlet 
temperature and 80 oC Outlet temperature. Control of inlet and outlet temperature is also a 
significant tool because the degree of denaturation depends upon the degree of extent of heat 
applied while outlet temperature was controlled by controlling of feeding rate. The final 
whey powder was white with slight yellowish look. 
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b Sifting and sieving   
After cooling, whey powder was sifted with sieve No. 3 to give uniformity and reduce 
lumpiness of the whey powder. 
c Packaging 
After sieving and cooling, the whey powder was packed in 250 g polythene packets. 
3.3.3.1 Analysis of whey powder 
Whey powder was evaluated for protein, ash in the same manner as mentioned in sec.3.2 and 
also for moisture, fat, lactose and acidity using some modification in the preparation of 
sample. 
a Moisture of whey powder 
The moisture content was determined by following method no. 925.23 given in AOAC 2000 
with some modifications. For moisture determination 5 g sample was taken in pre-dried china 
dish and placed in oven at 100±5 °C till constant weight was obtained. The samples was 
removed from oven, cooled, and weighed.  The moisture percentage was calculated 
according to the formula given below: 
 Moisture % =   Weight before drying – Oven dried weight x100 
                                            Weight of sample 
b Acidity of whey powder 
Reagents:      
 1. 0.1 N NaOH 
0.1 N Naoh solution was prepared by dissolving 4g sodium hydroxide in distilled water up to 
1 L volume. 
2. Phenolphthlein indicator 
Indicator was prepared by dissolving 1g phenolphthalein in ethyl alcohol to final volume of 
100 mL. 
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Figure 3.1 Flow diagram of work plan  
  
Raw whey 
Whey 
Pasteurization 
Whey 
Concentration 
Whey Powder 
HTST 
 
LTLT 
 
38% 48% WP 
160°C 
WP 
180°C 
  
 
37 
Procedure:      
Acidity in sample was determined by method No. 947.05 given in AOAC (2000). For the 
determination of acidity a homogeneous 6 % whey powder (10 mL) solution was taken in a 
titration flask and was titrated against 0.1 N NaOH using 2-3 drops of phenolphthalein 
indicator until light pink color appeared that was considered as end point. Volume of NaOH 
used, was noted from burette. The acidity was calculated as follows: 
Acidity (Lactic acid %) = 0.009× vol. of NaOH × 10/ Wt. of sample 
c Lactose of whey powder 
Lactose was determined by the method given in NIRO manual (Forneede, 1978) 
Regents 
1. Copper Sulphate Solution (Fehling I) - dissolve 34.639 g CuSO4. 5H2O in dist. water, 
dilute to 500 mL and filter through a paper filter. 
2. Alkaline Tartrate Solution (Fehling II) –dissolve 173 g K or Na-Tartrate .4 H2O and 50 g 
NaOH in distilled water, dilute to 500 ml, allow to stand for 2 days and filter through a paper 
filter. 
3. Potassium Hydroxide Solution- dissolve 15.567 g of KOH I distilled water, dilute to 500 
ml. 
4. Alcohol 
5. Ether.   
Procedure 
Whey powder (1.6 g) dissolved in 400 mL of 60 oC water in 500 mL volume metric flask. 
When all powder was dissolved and cools the sample to 20oC. Add to it 10 mL of Fehling I 
solution and approx. 7.5 ml of KOH solution (solution must still be acid and contain Cu in 
solution), diluted to volume. Mixed well and filter through a dry filter. Pipetted out 25 mL of 
the Fehling I solution and 25 mL of the Fehling II solution into 400 mL beaker. Add 25 mL 
of the reducing sugar filtrate and 25 mL water. Cover the beaker with a watch glass and heat 
on asbestos gauze over a Bunsen burner.  
A preliminary test was carried out using 50 mL water and 50 mL reagent. Using suction, 
immediately filter the hot solution through an already dried and weighed glass filter beaker. 
Transfer the precipitated Cu2O quantitatively to the glass filter and washed it thoroughly with 
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water of 60 oC, then with 10 mL alcohol and finally with 10mL ether. Dried the precipitate in 
an oven at 100 oC for 30 min, cooled and weighed. Carry out blank test according to using 
water instead of reducing sugar filtrate. 
Calculation  
Use the table to express the weight of lactose equivalent to the weight of Cu2O.      
 Lactose (%) =   a×500×100   
   b×25×1000              
Where, 
a = amount of lactose in mg equivalent to the weight of precipitated Cu2O as found in the 
table. 
b = amount of powder use in g. 
d Fat of whey powder 
The Soxhlet apparatus was used for the determination of crude fat in sample according to 
AOAC (2000). Crude fat from 5g of whey powder was extracted with hexane at a 
condensation rate of 2-3 drops per second for 16 hours. After distilling excess hexane the 
residue of extraction flask was dried at 100°C for 30 minutes until a constant weight. Crude 
fat was calculated by the formula given below. 
         Crude fat (%) =  Wt. of fat in sample   × 100 
                                     Wt. of sample  
The concentrated whey was evaluated for HPLC and SDS PAGE by method mention in 
section in 3.2. The test performed after one month interval during storage of 6 months. 
e Foaming capacity 
Foaming capacity was measured by using the procedure of Ven et al. (2002). 
Procedure 
Whey powder dispersion in deionized water (20 % wt/vol.) were made and allowed to stand 
for about 5 hour at room temperature to ensure dissolution of soluble constituents. It was 
studied using an overhead motor fixed with a three blade propeller stirrer (Fisher maxima 
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digital 70 W, Fisher Scientific). Exactly 200 mL of sample was placed in a long graduated 
beaker and whipped for 15 minutes. Foam volume was noted at 3 min. intervals. The speed 
of the stirrer was fixed at 1300 rpm. The overrun was calculated as 
Overrun%=  (Total volume after foaming at time )x(Initial volume ) x 100  
       (Initial volume)  
f Foam Stability 
Several methods have been developed to accurately measure foam stability (Yu and 
Damodaran, 1991). The time required for the 50 % of the total volume of foam formed to 
drain at room temperature was considered as foam stability. Care was taken not to disturb the 
foam during draining and to maintain uniform temperature conditions throughout testing.  
g Turbidity  
Turbidity has been used as a measure of protein- protein association and aggregation (Ju and 
Killara 1998) as well as lipid dispersion. Overall T is the function of protein concentration 
and protein solubility. In practice 0.5 mL of a 1% whey powder solution was diluted with 
9.5mL of deionized water. Percentage of transmittance was measured at 500nm. A 
transmittance of 100% was regarded as 0 turbidity and 0% as complete turbidity.      
h Solubility index 
Whey powder (10 g) was weighed and added to 100 mL of water at 24 °C in the jar. Two to 
three drops of defoaming agent were added and mixed for 90 sec. at 3800-4000 rpm for 15 
min. the solution was stirred with the spatula and then filled into a centrifuge glass up to the 
50 mL mark. The glass was centrifuged for 5 min. at the required speed using vacuum pump, 
the sediment free liquid was sucked which was more than 5 mL above the sediment layer. 
The glass was filled with water up to the 50 mL mark. The sediment was dispersed into the 
water phase with a piece of wire and centrifuged for 5 minutes and the amount of sediment in 
mL was read (Tamim, 2009).  
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i Whey protein nitrogen index 
 Whey Protein Nitrogen Index (WPNI) is a measure of the heat treatment applied to the whey 
during processing of whey powder. WPN is expressed as milligrams (mg) undenaturated 
whey protein nitrogen per gram of non-fat whey powder. Casein and the heat denaturated 
whey proteins were removed by filtration after precipitation of the whey with NaCl. The 
filtrate contained all undenaturated whey proteins. By adding HCl, the proteins denatured and 
developed turbidity depending on the concentration of the whey proteins. The turbidity was 
measured as % transmittance, in a spectrophotometer at a wave length of 420 nm.  By using 
the standard curve, this reading was converted directly into mg undenaturated whey protein 
N/g powder (Leighton, 1962). 
3.4 Statistical Analysis 
Data obtained was subjected to statistical analysis as described by Steel and Torrie (1997) to 
evaluate the influence of pasteurization, concentration and drying. In first and third phase 
data was analyzed by two factor factorial under complete randomized design (CRD). In 
phase 2 results were analyzed by three factor factorial under (CRD).  
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CHAPTER 4    RESULTS AND DISCUSSION 
In the instant project, liquid buffalo whey produced by Noon Dairy, Bhalwal Pakistan 
Limited was used to investigate the impact of different temperatures during processing and 
storage of pasteurized, concentrated and powder whey on various attributes of these products. 
Initially raw (unprocessed) whey was analyzed for its various compositional attributes (pH, 
acidity, ash, minerals, fat, lactose, total solids, total protein and NPN. The SDS-PAGE and 
HPLC analysis were also carried out to determine the effect of different processing 
treatments on the whey proteins. Besides pasteurized (LTLT and HTST), concentrated (38 % 
and 48 %)  and whey powder (produced at 160 °C and 180 °C) were prepared in the Food 
Processing Hall of Government Collage of Technology, Faisalabad, Pakistan using rising 
film evaporator and spray drier of Armfield. The pasteurized whey was stored at (4 °C) for 7 
days. The concentrated whey was stored at 4°C and -20°C for two months and whey powder 
was stored at room temperature for 6 months. These three products were analyzed for 
compositional parameters, SDS-PAGE and HPLC as for the unprocessed whey. The results 
are explained and discuss in three segments, 1st for the pasteurized whey, 2nd for 
concentrated whey and 3rd for the whey powder.  
4.1 Physicochemical analysis of liquid buffalo cheddar cheese whey  
Information on the gross composition of whey is important in predicting the properties of 
whey products. Whey has different types each having different composition. The variation in 
the composition of milk used for the manufacturing of cheese influences the composition of 
whey. The composition of whey also depends on the type of bacteria used in the curdling of 
the milk and production methods. The whey composition determines its potential application 
and functional attributes (Omole et al., 2012).   
The major nutrients in whey are water, protein and lactose. It also contains fat, minerals and 
vitamins in minor quantity. The results of liquid cheese whey analysis (three replicates) 
indicated that whey contains lactose (4.76%), protein( 0.76 %), ash (0.43 %), fat (0.30 %), 
NPN (0.15 %), acidity( 0.27 %) and total solid( 6.20 %). The physical attributes under 
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consideration were pH (5.5) and viscosity (1.6 cP). The whey had calcium 43.13 mg/100 mL, 
sodium 35 mg/100 mL and potassium 139.66 mg/100 mL (Table 4.1).   
These results are in accordance with Omole et al. (2012) and Johansen et al. (2002). Omole 
et al. (2012) investigated the composition of whey from different cheese production areas 
and found that lactose, protein, ash and total solid content of cheese whey ranges from 3.98 
to 4.06 %, 0.6 to 0.65 %, 0.84 to 0.95 % and 6.0 to 6.5 % respectively. The fat content of 
cheese whey was 0.26% that is less then present finding which could be due to the difference 
in fat quality of buffalo milk as compared to cow milk. The pH and acidity of cheese whey 
from different cheese producing areas are 5.90 and 0.27-0.36 %.  
Johansen et al. (2002) analyzed the difference in the composition of whey according to 
cheese type (cheddar and Dutch type), season of production and geographical region. They 
found that protein content of cheddar type cheese whey expressed seasonal variation. The 
whey contains total protein from 0.72 to 0.91 %, total solids from 6.13 to 6.46 %, lactose 
from 4.85 to 5.19 %, ash from 0.50 to 0.57 % and fat from 0.05 to 0.35 %. The variations in 
the calcium, potassium and sodium concentration in Dutch type cheese whey of different 
geographical region ranges 40.0 to 43.2 mg/100 mL, 153.6 to 163.1 mg/100 mL and 45.1 to 
47.6 mg/100 mL respectively.  
Goyal and Gandhi (2009) also compared the paneer and cheese whey in terms of minerals as 
well as physicochemical characteristics essential for electrolyte drink and found that cheese 
whey had calcium, sodium and potassium contents 29.1 mg/100 mL, 26 mg/100 mL and 130 
mg/100 mL respectively.  De Wit (2001) reported that whey constitutes about 0.18 % non 
protein nitrogen which is higher than present findings. The values of viscosity are less then 
findings of Alizadehfard and Wiley (1995) who evaluated the viscosity of whey protein 
solutions of different concentration at different temperatures. 
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Table 4.1 Composition of buffalo cheddar cheese liquid whey  
Parameters Results±SD 
pH  5.5±0.275 
Acidity (%) 0.27±0.0054 
NPN (%) 0.15±0.009 
Total solids (%) 6.20±0.43 
Ash (%) 0.43±0.0215 
Fat (%) 0.30±0.27 
Protein (%) 0.76±0.06 
Lactose (%) 4.76±0.37 
Viscosity (cP) 1.6±0.086 
Calcium (mg/100 mL) 43.13±0.93 
Sodium (mg/100 mL) 35±0.88 
Potassium (mg/100 mL) 139.66±8.3 
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4.2 Physicochemical analysis of pasteurized buffalo cheddar cheese whey 
The buffalo cheese whey collected from industry was pasteurized by two methods, Low 
Temperature and Longer times (65°C/30 min) and High Temperature and Shorter Time 
(72°C/15 s). The pasteurized whey was filled in screw capped glass bottles and stored at 
4°C±2°C. It was investigated for various physicochemical characteristics during storage to 
explore the changes due to pasteurization method and storage period. 
4.2.1 pH of pasteurized whey   
The symbol pH is used to denote acidity and is inversely related to negative log of hydrogen 
ion concentration. The pH of milk and dairy products is important to test the impurities and 
signs of infections both at collection of milk as well as at the point of delivery. Sweet whey 
comes from rennet-set cheese such as cheddar and swiss with pH is 5-7, while acid whey 
from cottage cheese has a pH 4-5 (Koffi, 2005). 
The statistical analysis of data concerning the pH of pasteurized whey collected at 0 and 7th 
day during storage is given in the Table 4.2.1a. Analysis of variance indicated a significant 
impact (p < 0.01) of pasteurization methods, storage periods and their interaction on the pH 
value. 
Results regarding the mean values for pH of pasteurized whey during storage (Table 4.2.1b) 
revealed that there was a progressive decrease in pH of HTST and LTLT pasteurized whey 
samples throughout the storage period. The decrease in pH of HTST whey was 0.32 
(5.52±0.009 - 5.20±0.018) and LTLT whey was 0.17 (5.50±0.003 - 5.33±0.017) during 7 
days of storage.  These results showed the maximum decrease in pH value of HTST and least 
decrease in LTLT during whole period of storage. 
The mean values of two pasteurized whey samples (LTLT and HTST) indicated the higher 
pH (5.42±0.039) in LTLT than (5.36±0.071) in HTST. The interaction of the storage days 
with the pasteurization methods indicated the non-significant difference in pH of both 
samples at zero day of storage, hence a relatively higher value (5.52) was observed in HTST 
whey as compared to LTLT treated whey (5.50). From the results it is concluded that the 
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pasteurization methods did not have much effect on the pH as indicated by the pH values at 
zero day of storage. The interaction of storage with methods showed the lowest value of pH 
in HTST treated whey (5.20) on the 7th day of storage. The higher drop in pH of HTST could 
be due to the higher microbial activities as compared to LTLT.   
Eremin (1979) mentioned that the pH of cheese whey decreases with respect to increase of 
storage intervals. Celestino et al. (1997) linked the lowering of pH due to enzyme action and 
bacterial activity in the stored raw milk and whey. Altuntes (2011) also reported a steady 
decline in pH of cheese whey during storage. These results support the present finding. The 
less change in pH of LTLT during storage could be due to inactivation of microorganism as 
well as enzyme which are responsible for lactic acid production and reduction in pH. 
4.2.2 Acidity (lactic acid %) of pasteurized whey 
Titratable acidity and pH demonstrate a negative correlation with each other. As the acid 
production increases, the pH decreases. The titratable acidity of milk and dairy products is 
showed in terms of % of lactic acid, because fermentation produces the lactic acid. To 
determine the quality of any dairy product the acidity test is an important parameter. The 
titratable acidity of sweet whey is generally between 0.1-0.2 %, while of the acid whey 
acidity is 0.4 % (Bordenave-Juchereau et al., 2005). The data concerning to the acidity of 
pasteurized whey was collected at 0 and 7th day during storage. It was subjected to statistical 
analysis as given in the Table 4.2.2a.  
Analysis of variance showed that storage (p < 0.01) and treatment (p < 0.05) has significant 
impact on the acidity of pasteurized whey, while the interaction of storage and treatment has 
non-significant (P > 0.05) effect. 
Results of acidity of the pasteurized whey are given in Table 4.2.2b which revealed that there 
was a progressive increase in acidity of HTST and LTLT samples throughout the storage 
period. The increase in acidity of HTST whey was higher 0.12 % (0.45±0.007% -0.33±0.006 
%) as compared to the whey processed through LTLT 0.10 % (0.42±0.009% - 0.32±0.007 
%).  
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Table 4.2.1a Mean square for pH of pasteurized whey 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage 
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
0.17521 
0.01021 
0.01541 
0.00407 
0.20489 
0.17521 
0.01021 
0.01541 
0.00051 
344.67** 
  20.08** 
  30.31** 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Table 4.2.1b Effect of treatment and storage on pH of pasteurized whey 
Storage Treatment Mean 
HTST LTLT 
0 5.52 ± 0.009a 5.50 ± 0.003a 5.51 ± 0.005A 
7 5.20 ± 0.018c 5.33 ± 0.017b 5.27 ± 0.031B 
Mean 5.36 ± 0.071B 5.42 ± 0.039A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
Small letters represent comparison among interaction means and capital letters are used for 
overall mean. 
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The mean of the means of pasteurized whey samples present indicated the highest acidity 
(0.39±0.026 %) in HTST and lower (0.37±0.021 %) in LTLT. Similarly the means of the 
storage days indicated that the acidity increased from 0.33±0.004 % to 0.43±0.008 % during 
seven days of storage. 
Divya and Kumari (2009) stated that total acidity is measured in the terms of lactic acid 
production that increased during storage period due to growth of Psychrophillic which 
convert the lactose into lactic acid. Eremin (1979) stated that during fermentation of whey for 
period of 3 days, increase in acidity was from 0.56 % to 1.80 %. 
Gassem and Abu-Tarboush (2000) found that the titrable acidity increased with increasing 
fermentation time of both sweet whey and acid whey. Camel milk whey had the highest 
acidity 1.31 % and 1.30 %, respectively as compared to cow milk. The increased level of 
lactic acid (acidity) is gradually opened at the beginning of the incubation period and storage. 
This increase was accompanied by a decrease in the levels of pH that was similar to Attia et 
al. (2001). The highest rate of acidifying HTST serum may be due to contamination during 
filling in the bottles while in the case of LTLT, whey was pasteurized after filling in bottles 
in the water bath. 
4.2.3 Fat content (%) of pasteurized whey 
During cheese making, casein, fat and minerals of milk are concentrated in to a curd, while 
most of whey proteins, lactose, and very small quantities of fat and mineral go in the whey. 
Whey, being the low fat product is getting space among the weight losers and in low fat food 
products. The statistical analysis of the results regarding the fat content of pasteurized whey 
is presented in Table 4.2.3a. Analysis of variance showed a non-significant impact (p > 0.05) 
of pasteurization methods, storage period and their interaction on the fat content of 
pasteurized whey. 
Mean values of the fat content (%) of pasteurized whey are given in Table 4.2.3b which 
revealed that there was a little bit difference in the fat value of HTST and LTLT whey 
samples and no change was observed between zero and seventh day of storage period. The  
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Table 4.2.2a Mean square for Acidity (%) of pasteurized whey 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage  
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
0.033075 
0.001008 
0.000408 
0.001200 
0.035692 
0.033075 
0.001008 
0.000408 
0.000150 
220.50** 
  6.72* 
  2.72NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Table 4.2.2b Effect of treatment and storage on acidity (%) of pasteurized whey 
Storage Treatment Mean 
HTST LTLT 
0 0.33 ± 0.006 0.32 ± 0.007 0.33 ± 0.004B 
7 0.45 ± 0.007 0.42 ± 0.009 0.43 ± 0.008A 
Mean 0.39 ± 0.026A 0.37 ± 0.021B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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results showed that the minor decrease (0.02) in fat content of HTST and (0.03) LTLT was 
noted 7 days during storage. 
The mean of the means of pasteurized whey samples present in Table 4.2.3b indicate the 
higher fat value (0.38±0.019 %) in LTLT and lower (0.32±0.017 %) in HTST. Similarly the 
means of the storage days indicated that the fat increased from 0.35±0.021 % to 0.36±0.023  
% during whole period of storage.  
From results it is concluded that pasteurization method had no effect on the fat content 
during storage. This can be related with the low pH which reduces the growth of lipase 
producing bacteria and destruction of the natural lipases during pasteurization. Lou and Ng-
Kwai-Hang (1992) discovered that the composition of milk has significant effect on the 
composition of whey. They found that the average content of fat in whey was 0.26 % ± 0.08 
% obtained from cheese made from milk containing 3-4 % fat and 3-4 % protein contents. 
Enzyme action and the bacteria during the storage of raw milk could be responsible for 
decreased in total fat content and free fatty acid contents (Celestino et al., 1997).  
There are two types of lipases in dairy products bacterial lipase which is produced by 
contaminating bacteria and lipase which occurs naturally. Christen and Lee (1994) have 
found different degrees of lipolysis during surveys of pasteurized milk and raw milk. 
4.2.4 Protein content (%) of pasteurized whey  
The protein content of buffalo milk is higher than in cow (Ahmad et al., 2008). Whey 
proteins and minor proteins are higher in colostrum than mature milk. Whey protein is a 
complete protein and a good source of high quality protein having a good rich amino acid 
profile. It contains the full range of branched-chain amino acids (BCAAs) like leucine, 
isoleucine and valine and also the essential amino acids (EAAs). The BCAAs and EAAs in 
whey protein are present in higher concentrations as compared with soy, corn and wheat. 
They have the capability to be absorbed and utilized more efficiently (Sameen et al., 2013). 
Type of milk used and method of casein separation effects the composition of whey. 
Foegeding et al. (2002) and Fox and McSweeney, (2003) reported that bovine whey contain 
0.6 % whey proteins.  
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Table 4.2.3a Mean square for fat (%) of pasteurized whey 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage 
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
0.000075 
0.010208 
0.001875 
0.016867 
0.029025 
0.000075 
0.010208 
0.001875 
0.002108 
0.04NS 
 4.84NS 
 0.89NS 
NS = Non-significant (P>0.05); * = Significant (P<0.05) 
 
Table 4.2.3b Effect of treatment and storage on fat (%) of pasteurized whey 
Storage Treatment Mean 
HTST LTLT 
0 0.33 ± 0.028 0.37 ± 0.033 0.35 ± 0.021A 
7 0.31 ± 0.022 0.40 ± 0.020 0.36 ± 0.023A 
Mean 0.32 ± 0.017A 0.38 ± 0.019A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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The statistical analysis of data concerning the protein content of pasteurized whey collected 
at 0 and 7th days during storage is presented in Table 4.2.4a. Analysis of variance showed a 
significant impact (p < 0.01) of storage while the treatment and the interaction of treatment 
and storage has non-significant (P > 0.05) effect on the protein content of pasteurized whey. 
Results (mean values) of total protein content of pasteurized whey are given in Table 4.2.4b 
which revealed that there was a decrease from 0.782±0.006 %-0.765±0.005 % in the mean 
values of pasteurized whey during storage period irrespective of the methods of 
pasteurization. The non-significant decrease in protein content of HTST whey was 0.014 
(0.787±0.012 % - 0.773±0.004 %) and in LTLT whey was 0.02 (0.777±0.003 % -
0.757±0.004 %) during 7 days of storage.  The mean of the means of pasteurized whey 
samples present in Table 4.2.4b indicated the relatively higher (p > 0.05) protein 
(0.780±0.006 %) in HTST and lower (0.767±0.005 %) in LTLT. The interaction of the 
storage and treatments showed the non-significant difference in protein content of both 
pasteurized whey. In a study concerning the effect of heat treatment on the whey protein, it 
was found that when milk was heated to 72 °C. 77 °C , 82 °C , 87 °C  and  100 °C for 26  
second the mean value of whey protein denaturation were recorded as 2.8, 8.4, 20.2, and 34.1 
% respectively of total protein (Nuala et al., 2004). In accordance with the present findings in 
which non-significant influence was noted in total protein content, total content of protein is 
based on N % hence very little change is noted in nitrogen content. 
 
4.2.5 NPN content (%) of pasteurized whey 
 Total nitrogen found in milk protein is not coming from the protein alone. There are other 
non- protein sources as well which contributes towards the nitrogen content. Urea is the 50 % 
of the total non  protein nitrogen out of total 3.7 % milk protein of cow they constitute 0.55 
%. In disease condition (mastitis) membrane of the mammary glands becomes more 
permeable and allows the level of soluble nitrogen to decrease. Globulin comes in milk from 
blood by the process of infiltration. Separation of NPN could be carried out when casein and 
whey proteins are isolated as nitrogenous portion using 12 % TCA or %nitrogen in 12 % 
TCA is multiplied by the factor 3.60 to get NPN. Non-protein nitrogen portion is found to 
have bioactive component due to the presence of certain vitamins like vitamin B, free amino 
acids like taurine and certain nucleotide and their precursors. The season, species and feeding 
has significant influence on the NPN (O’ Mahony and Fox, 2013). 
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Table 4.2.4a Mean square for protein (%) of pasteurized whey 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage 
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
0.0008333 
0.0005333 
0.0000333 
0.0011487 
0.0025487 
0.0008333 
 0.0005333 
 0.0000333 
 0.0001436 
5.80* 
3.71NS 
0.23NS 
NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
 
Table 4.2.4b Effect of treatment and storage on protein (%) of pasteurized whey 
Storage Treatment Mean 
HTST LTLT 
0 0.787 ± 0.012 0.777 ± 0.003 0.782 ± 0.006A 
7 0.773 ± 0.004 0.757 ± 0.004 0.765 ± 0.005B 
Mean 0.780 ± 0.006A 0.767 ± 0.005A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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The statistical analysis of the data concerning the NPN content of pasteurized whey collected 
at 0 and 7 days during storage is given in the Table 4.2.5a. Analysis of variance showed that 
treatments (pasteurization methods) and storage have significant impact (p < 0.01) on the 
NPN content of pasteurized whey while the interaction of storage and treatment has a non-
significant (P > 0.05) effect on the NPN content of whey.  
The results for NPN content of pasteurized whey (Table 4.2.5b) indicated the higher (0.007 
%) mean NPN content (0.160±0.001%) in HTST and lower (0.153±0.001%) in LTLT. 
Similarly the means of the storage days indicated that the NPN decreased from 0.158±0.002 
% to 0.155±0.002% during seven days of storage. It is obvious from the results that impact of 
pasteurization methods is higher on the NPN content than the storage period as declared by 
the NPN values at zero day of storage. The NPN content of HTST whey was higher 
(0.161±0.001%) than the LTLT (0.154±0.001%) whey at zero day of storage while during 
storage invaluable decrease of 0.002% (0.161±0.001% - 0.159±0.001%) was found in whey 
samples processed through HTST and 0.003% (0.154±0.001 - 0.151±0.001%) in samples 
processed through LTLT. This could be due to the more proteolytic activity in the HTST 
samples than in the LTLT whey samples which would be related to more enzymatic activity 
in HTST whey than LTLT whey. The NPN content represented the 5% of the total protein. 
Urea the principal constituent of NPN is 50 % of the total nitrogen effect significantly. On 
the heat stability of milk the other compounds like uric and orotic acid, phophores and 
ammonia are produced. The NPN content is directly related with the level of protein 
hydrolysis (O’ Mahony and Fox, 2013). 
4.2.6 Lactose content (%) of pasteurized whey  
Whey fraction contains most of the lactose during cheese-making process so the major 
portion70 -75 percent of whey solids is lactose. Lactose consists of one molecule of glucose 
and galactose each. It is an important source of dietary energy and enhances the intestinal 
absorption of calcium from the food (De wit and Moulin, 2001). Lactulose is used as a 
growth promotor by the bifidobacteria, it is produced by the conversion of lactose into 
lactulose during the process of heat treatment. The composition of whey usually varies 
depending on the method of casein separation. The whey resulting from rennet coagulated 
casein or cheese contains higher lactose content than acid whey which is obtained from the 
manufacturing of acid casein brought about by addition of either lactic or mineral acid.  
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Table 4.2.5a Mean square for NPN (%) of pasteurized whey 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage  
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
0.0000188 
0.0001688 
0.0000008 
0.0000200 
0.0002083 
0.0000188 
0.0001688 
0.0000008 
0.0000025 
  7.50* 
 67.50** 
  0.30NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Table 4.2.5b Effect of treatment and storage on NPN (%) of pasteurized whey 
Storage Treatment Mean 
HTST LTLT 
0 0.161 ± 0.001 0.154 ± 0.001 0.158 ± 0.002A 
7 0.159 ± 0.001 0.151 ± 0.001 0.155 ± 0.002B 
Mean 0.160 ± 0.001A 0.153 ± 0.001B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Dairy products are affected by non-enzymatic sugar degradation reactions known as Maillard 
reactions. The reducing carbohydrates of milk products by heating react with free amino 
acids like lysine and produced brown colored products (Smithers, 1996). Lactose is widely 
used in the confectionary industries since it has a low sweetness (30% that of sucrose), binds 
flavors and aroma and increases the storage life of products. 
Analysis of variance of the data regarding the lactose content of pasteurized whey collected 
at 0 and 7 days during storage is shown in the Table 4.2.6a. It is obvious from the analysis 
that there was the highly significant impact (p < 0.01) of storage period while the treatments 
and the interactive effect of treatment with storage has non-significant (P > 0.05) effect on 
the lactose content of the pasteurized whey samples. 
Mean values of lactose content of pasteurized whey are given in Table 4.2.6b which revealed 
that there was a decrease in lactose content during storage, irrespective of the method of 
pasteurization. The mean value of lactose content decreased from 4.64±0.014 % to 
4.44±0.009 % during seven days of storage. The mean of the means of pasteurized whey 
samples present in Table 4.2.6b indicated the 4.55 %±0.048 % lactose in LTLT and 4.53 
%±0.040 %) in HTST. The interaction of the storage and treatments showed non-significant 
influence on the lactose content, however the higher lactose (4.65 %±0.015 %) in LTLT was 
observed at 0 day and lowest lactose (4.44 %±0.017 %) was noted in LTLT at 7 days of 
storage. 
Goodnaught and Kleyn (1976) reported that the decrease in lactose content (5.40 to 4.73 %) 
during one month storage was due to its conversion into lactic acid. Siddique et al. (2010) 
also reported a decrease in lactose content during storage of UHT milk. They found that 
lactose content also varied significantly due to differences in milk sources, storage periods, 
storage temperatures and UHT treatments. The decreasing trend in lactose might be due to 
Maillard reaction during storage of milk samples.  
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Table 4.2.6a Mean square for lactose (%) of pasteurized whey 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage 
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
0.11021 
0.00041 
0.00101 
0.00687 
0.11849 
0.11021 
0.00041 
0.00101 
0.00086 
128.40** 
  0.48NS 
  1.17NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Table 4.2.6b Effect of treatment and storage on lactose (%) of pasteurized whey 
Storage Treatment Mean 
HTST LTLT 
0 4.62 ± 0.023 4.65 ± 0.015 4.64 ± 0.014A 
7 4.45 ± 0.009 4.44 ± 0.017 4.44 ± 0.009B 
Mean 4.53 ± 0.040A 4.55 ± 0.048A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
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4.2.7 Total solid content (%) of pasteurized whey  
Total solids of whey are composed of lactose, whey proteins, ash and fat. Lactose is the 
major constituent in the total solids of milk which contributes about 50 percent. Whey 
proteins constitute less than 1 % dry matter (Beucler et al., 2005). Milk fat and minerals are 
present in smaller amounts. Technology of the production of buttermilk effects the 
composition of whey. 
The data concerning to the total solids of pasteurized whey was collected at 0 and 7 days 
during storage. It was subjected to statistical analysis as given in the Table 4.2.7a. Analysis 
of variance showed that storage has highly significant (p<0.01) and treatment has significant 
(p<0.05) while the interaction of storage into treatment has a non-significant (P>0.05) 
influence on the total solid contents of pasteurized whey.  
The mean of the means of pasteurized whey samples present in Table 4.2.7b indicate the 
higher total solids (6.66±0.012 %) in LTLT and lower (6.64±0.015 %) in HTST. Similarly 
the means of the storage days indicated that the total solids decreased from 6.68±0.006 % to 
6.62±0.006 % during whole period of storage. 
The interactive effect of treatments and storage on the total solids of pasteurized whey given 
in Table 4.2.7b revealed that there was a non-significant decrease in total solids of HTST and 
LTLT samples throughout the storage period. The decrease in total solids of HTST was 
0.06(6.67±0.010 % - 6.61±0.003 %) and LTLT was 0.05(6.68±0.006 % - 6.63±0.006 %). 
The interaction of the storage into treatments also showed the highest total solids 
(6.68±0.006 %) in LTLT at 0 day and the lowest total solids (6.61±0.003 %) were observed 
in HTST at 7 days of storage. 
The decrease in the total solids was due to the reduction in the lactose content because it was 
converted into lactic acid. Sameen et al. (2013) also stated that total solid content of 
carbonated flavored whey beverage was decreased from 10.53 % to 9.15 %. Fox and O’ 
Connor (1969) also found that the total solids were dropped from 5.5 to 2.5 % due to 
decrease in the level of lactose within one week of storage. 
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Table 4.2.7a Mean square for total solids (%) of pasteurized whey. 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage 
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
0.00963 
0.00083 
0.00013 
0.00107 
0.01167 
0.00963 
0.00083 
0.00013 
0.00013 
72.25** 
 6.25* 
 1.00NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Table 4.2.7b Effect of treatment and storage on total solids of pasteurized whey 
Storage Treatment Mean 
HTST LTLT 
0 6.67 ± 0.010 6.68 ± 0.006 6.68 ± 0.006A 
7 6.61 ± 0.003 6.63 ± 0.006 6.62 ± 0.006B 
Mean 6.64 ± 0.015B 6.66 ± 0.012A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
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4.2.8 Ash content (%) of pasteurized whey 
Ashing of whey in muffle furnace at 550 °C is an approximate method to determine the 
inorganic element. The organic matter is lost during ashing. Some carbonates are left and 
some are formed during ashing. 
When food is heated at elevated temperatures; protein, fat and carbohydrates burn away and 
the remaining white matter is called ash. Ash in the product represents the inorganic matter 
which remains after complete burning of the organic materials. Ash in the dairy products is a 
significant indicator of minerals (Regester, 1994). Cheese whey contains considerable 
quantities of Ca, Mg, Na, and especially K (Robbins et al., 1996). 
The data pertaining to the ash content (%) of pasteurized whey collected during storage was 
subjected to statistical analysis as given in the Table 4.2.8a. Analysis of variance showed a 
non-significant impact (p > 0.05) of treatments, storage and their interaction. 
The mean of the means of pasteurized whey samples present in Table 4.2.8b indicate the 
0.545±0.003 % ash content in HTST and 0.540±0.007 % in LTLT whey samples. Similarly 
the means of storage days indicated that the little bit increase in ash from 0.538±0.005 % to 
0.547±0.005 % during whole period of storage. 
The results of ash content of pasteurized whey also revealed that there was no remarkable 
change in ash of HTST and LTLT samples throughout the storage period. The ash content of 
HTST whey decreased from 0.547±0.004% to 0.543±0.003% and of LTLT increased from 
0.530 ± 0.006 % to 0.550±0.010 %. These results showed that the minor but non-significant 
decrease in ash content 0.004% and increase 0.02% were observed in HTST and LTLT 
treated whey samples during the 7 days of storage. Shenana (2007) and Sameen et al. (2013) 
stated that the ash content remained almost constant throughout study (1.39 %-1.38 %). 
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Table 4.2.8a Mean square for ash (%) for pasteurized whey 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage 
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
0.00021 
0.00008 
0.00041 
0.00098 
0.00168 
0.0002083 
0.0000750 
0.0004083 
0.0001229 
1.69NS 
0.61NS 
3.32NS 
NS = Non-significant (P>0.05) 
 
Table 4.2.8b Effect of treatment and storage on ash (%) of pasteurized whey 
Storage Treatment Mean 
HTST LTLT 
0 0.547 ± 0.004 0.530 ± 0.006 0.538 ± 0.005A 
7 0.543 ± 0.003 0.550 ± 0.010 0.547 ± 0.005A 
Mean 0.545 ± 0.003A 0.540 ± 0.007A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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4.2.9 Calcium content (mg/100g) of pasteurized whey 
Calcium is a major mineral in the body. Its concentration in the body is 1000 g (Eafavus et 
al., 2006). About 1% of the calcium in the body is found in extracellular fluid, cell membrane 
and intracellular structures while 99 % is found in bones and teethes (Awumey and Bakoski, 
2005).   
Milk proteins and their hydrolyzed products are an excellent source of calcium because they 
enhance the absorption and bioavailability of calcium. Dirienzo (2001) reported that the 
quantity of calcium (500-2,000 mg/100 g) is more in whey-based products so it’s a good 
source of calcium, because the whey proteins (β-LG, α-LA) and lactoferrin have a site that 
binds calcium (Kim and Lim, 2004). Mineral-concentrated whey improves the solubility, 
texture, nutritional profile, and flavor in food formulations. Mineral-concentrated whey 
containing foods will have a higher nutritional density when compared with other products 
(Dirienzo, 2001). 
The data regarding to the Ca content of pasteurized whey collected at 0 and 7 days during 
storage was subjected to statistical analysis as given in the Table 4.2.9a. Analysis of variance 
showed a non-significant impact (p > 0.05) of treatments, storage and their interaction. 
It is obvious from the results of mean of means for Ca content of pasteurized whey during 
storage presented in Table 4.2.9b, that calcium content was not affected by the storage days.  
The calcium content at zero day of storage was 26.007±0.015 mg/100 g in HTST and on 7th 
day it was 26.053±0.040 mg/100 g in HTST.  The mean of the means of the pasteurized 
whey samples also indicated that there is no difference in Ca content 26.010±0.0145 mg/100 
g of LTLT and 26.030±0.0103 mg/100 g of HTST. 
The interaction of the storage into treatments showed the highest Ca (26.053±0.040 mg/100 
g) in HTST at 7th day and lowest Ca content (26.007±0.01 mg/100 g) in LTLT at 7 day of 
storage. These results also revealed that there was no remarkable change in Ca of HTST and 
LTLT samples throughout the storage period. The minor change in Ca of HTST was 
(26.007±0.015 - 26.053±0.040 mg/100 g) and of LTLT was (26.013±0.025 - 26.007±0.01 
mg/100 g) during storage. Wong et al. (1978) reported the calcium content is 92.8 (3 times 
higher than acid whey) and 36.5 mg/100 g in acid and sweet whey respectively. In milk two 
third calcium is bound in micelle while one third is present in soluble form. These 
concentrations are changeable in the whey and depend on the pH of milk at drainage 
(Gaucheron, 2005; Lucey and Horne, 2009). 
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Table 4.2.9a Mean square for calcium mg/100 g of pasteurized whey 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage 
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
  0.00120 
  0.00120 
 0.00213 
0.00507 
0.00960 
0.00120 
 0.00120 
0.00213 
0.00063 
1.89NS 
1.89NS 
3.37NS 
** = Highly significant (P<0.01) 
 
Table 4.2.9b Effect of treatment and storage on calcium mg/100g of pasteurized whey 
Storage Treatment Mean 
HTST LTLT 
0 26.007 ± 0.015       26.013 ± 0.025 26.010 ± 0.010A 
7 26.053 ± 0.040 26.007 ± 0.01 26.030 ± 0.0145A 
Mean 26.030 ± 0.0103A 26.010 ± 0.0145A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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4.2.10 Sodium content (mg/100 g) of pasteurized whey 
Salt concentration in the heat-induced whey protein gels affects the rheological properties 
like shear stress and shear strain. The gels having with low levels of NaCl (25-30 mM) are 
gelatin-like and translucent have less shear stress and high shear strain values while with the 
increase in the concentration of salt 50-75 mM NaCl causes a sharp increase in the shear 
stress of the gels to a maximum (Kuhn and Fore, 1991). 
The statistical analysis of the data related to the Na content (mg/100 g) of pasteurized whey 
collected during storage (Table 4.2.10a) showed a non- significant impact (p > 0.05) of 
treatments, storage and their interaction. 
The mean values for Na content (mg/100 g) of the pasteurized whey determined at zero and 
seventh day of storage are presented in Table 4.2.10b). Results of the pasteurized whey 
revealed that the mean of means of Na content was noted in LTLT was 36.027±0.013 
mg/100 g and in HTST was 36.015±0.0122 mg/100 g. Similarly the means of the storage 
days indicated that the Na content of pasteurized whey decreased non-significantly from 
36.030±0.012 mg/100 g to 36.012±0.017 mg/100 g during seven days of storage period. 
The interactive effect of storage period and pasteurization methods on the Na content of 
whey indicates that there was a little bit change in Na content of HTST and LTLT processed 
whey samples throughout the storage period. The minor non-significant decrease in Na 
content of HTST and LTLT whey was recorded. Change (36.027±0.015 - 36.003±0.040 
mg/100 g) in HTST and (36.033±0.025 - 36.020±0.005 mg/100 g) in LTLT was recorded 
during seven days of storage. 
The Na content of milk (95 %) is present in the serum portion of milk which during cheese 
manufacturing becomes the part of cheese whey. The concentration of Na content is reported 
to vary from 350 to 600 mg/100 g in milk (Lucey and Horne, 2009). In another study Wong 
et al. (1978) analyzed the Na content of acid and sweet whey. They reported that acid whey 
contains 39.8 and sweet whey 45.5 mg/100 g Na content. The finding of the present 
investigation regarding the Na content is close to the values reported by other researches. The 
minor differences could be due to the difference in the salt concentration.  
  
  
 
64 
Table 4.2.10a Mean square for sodium mg/100g of pasteurized whey 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage 
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
0.00101 
 0.00041 
  0.00008 
0.00360 
0.00509 
0.00101 
0.00041 
  0.00008  
0.00045 
2.24NS 
0.91NS 
0.17NS 
NS = Non-significant (P>0.05) 
 
Table 4.2.10b Effect of treatment and storage on calcium mg/100g of pasteurized whey 
Storage Treatment Mean 
HTST LTLT 
0 36.027 ± 0.015 36.033 ± 0.025 36.030 ± 0.012A 
7 36.003 ± 0.040 36.020 ± 0.005 36.012 ± 0.017A 
Mean 36.015 ± 0.012A 36.027 ± 0.013A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
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4.2.11 Potassium content (mg/100g) of pasteurized whey 
The results of statistical analysis of data for the potassium content of whey processed through 
HTST and LTLT and stored for seven days in shown in the Table 4.2.11a. The analysis of 
variance of the data shows that impact of treatments (pasteurization method), storage period 
and their interaction on the content of potassium was non-significant (p > 0.05). 
Table 4.2.11b regarding the mean values of HTST and LTLT collected at zero and 7th day of 
storage revealed that there was a bit change (increase) in K content of HTST and LTLT 
samples throughout the storage period. The mean of the means of pasteurized whey samples 
present in Table (4.2.11b) indicated the highest K level (1348.0±5.73mg/100 g) in LTLT and 
lower (1330.0±7.32 mg/100 g) in HTST. Similarly the means of the storage days indicated 
that the K contents increased from 1325.0±5.38 to 1343.0±5.61 mg/100 g during whole 
period of storage, hence all the changes were statistically non-significant. 
The interaction of pasteurized and storage period showed the invaluable change of 
20mg/100g in K level of HTST (1320.0±9.07-1340.0±9.24) and of 14 mg/100 g in LTLT 
(1330.0±6.11-1346.0±7.94mg/100 g) during the 7 days of storage.  The interaction also 
showed the highest K value (1346.0±7.94mg/100 g) in LTLT at 7 days and the lowest 
(1320.0±9.07mg/100 g) was observed in HTST at 0 day of storage. Robbins et al. (1996) 
analyzed the mineral content of whey and reported 100-140 mg/100 g of whey. 
Most of the K (94%) is present in the serum phase of the milk that becomes part of the whey. 
Lucey and Horne (2009) reported 1210-1680 mg/L of the K in the milk. In the previous study 
potassium content in acid and sweet whey was in the range of 153 and 123 mg/100 g 
respectively (Wong et al, 1978).  
The results of present study are closely related to the previous findings. The slight difference 
of potassium concentration in whey is might be due to different type of milk that is used for 
cheese manufacturing as buffalo milk has more K content than cow milk. 
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Table 4.2.11a Mean square for potassium mg/100g of pasteurized whey 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage 
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
0.0833  
   10.0833 
  0.0833 
 0.6667  
 10.9167 
0.0833 
10.0833  
 0.0833  
 0.0833 
1.00NS 
 121.00 ** 
1.00NS 
NS = Non-significant (P>0.05) 
 
Table 4.2.11b Effect of treatment and storage on potassium mg/100g of pasteurized 
whey 
Storage Treatment Mean 
HTST LTLT 
0 140.33 ± 9.07 142.00 ± 6.11 141.17 ± 5.38A 
7 140.00 ± 9.24 142.00 ± 7.94 141.00 ± 5.61A 
Mean 140.17 ± 7.32B 142.00 ± 5.73A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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4.2.12. Viscosity of pasteurized whey 
The most important attributes in case of addition of stabilizer in the whey drink is thickness. 
It means perception of the viscosity of the beverage sample in the mouth (Meilgaard et al., 
1987; Civille and Lyon, 1996).Viscosity is directly associated to thickness of whey drink. 
Polysaccharides contribute to textural and structural properties of milk products. By adding 
hydrocolloids up to a point of 0.4% improved viscosity but addition at 0.6% represents the 
similar tendency for cohesiveness (Kumar and Mishra, 2003). 
The statistical analysis of data regarding the viscosity of whey drink is being presented in the 
Table (4.2.12a). The results indicated that the viscosity of whey drink affected highly 
significantly (p < 0.01) due to storage days but effect of treatments and interaction of 
treatment and storage has non-significant (p > 0.05) influence on the viscosity of pasteurized 
whey.  
The mean values for viscosity of pasteurized whey are given in the Table (4.2.12b). The 
means of viscosity concerning the treatments are 3.72cp and 3.73cp for HTST and LTLT 
respectively, while the viscosity during the storage days showed a decreasing trend from 0 
day to 7th day Viscosity reduced to some extent with storage time. The highest value of 
viscosity was 3.81cp at 0 day and decreased to 3.63cp at 7th day of storage period. The 
reduction in viscosity of both HTST and LTLT was 0.18 during storage. This difference 
confirms the non -significant change among the treatments.  
Sameen et al., (2013) reported that the microstructure of the whey gel depends on the 
polysaccharides. Lactic beverages illustrated the phase separation was increased up to 35% 
during storage and after that these were stabilized. 
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Table 4.2.12a  Mean square for viscosity (cp) of pasteurized whey 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage 
Treatment 
S x T 
Error 
Total 
1 
1 
1 
8 
11 
0.17521 
0.01021 
0.01541 
0.00407 
0.20489 
0.17521 
0.01021 
0.01541 
0.00051 
344.67** 
  20.08 NS 
  30.31** 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Table 4.2.12b Effect of treatment and storage on viscosity (cp) of pasteurized whey 
Storage Treatment Mean 
HTST LTLT 
0 3.81 ± 0.009a 3.82 ± 0.003a 3.81 ± 0.005A 
7 3.63 ± 0.018c 3.64 ± 0.017b 3.63 ± 0.031B 
Mean 3.72 ± 0.071B 3.73 ± 0.039A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
Small letters represent comparison among interaction means and capital letters are used for 
overall mean. 
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4.2.13. SDS-PAGE of Pasteurized whey 
The SDS-PAGE pattern of liquid whey obtained from the production of buffalo cheddar 
cheese (Fig. 4.2.13a and Fig. 4.2.13b) showed bands attributable to principle whey proteins 
bovine serum albumin (BSA), a-lactalbumin (α-La), immunoglobulin (Ig) and β 
lactoglobulin (β-Lg), (Lane Raw) in unpasteurized whey. The extreme left lane is destined 
for the marker. An additional band (Aggregate) was attributed to either covalently bonded 
dimmers of β-Lg or dimmers of α-La and β-Lg or both in the form of aggregate (Lane 0 and 
7) at zero and seventh day of storage in pasteurized whey either HTST (65 °C/30 min and 
LTLT (72 °C/15 s) due to denaturation by heating.  
The intensity of the aggregate was higher in LTLT pasteurized whey than HTST, 
consequently the intensity of β-Lg and α-La bands decreased, which could be due to longer 
heating time in the case of LTLT.  The band attributed to BSA also seemed to be reduced in 
size due to heating. A very thin band showing the lesser intensity was also visible in 
pasteurized whey near to the 6 kDa band of the maker, which was assigned as the caseino 
macro peptide (CMP).  
During heating of whey, the whey proteins first unfold then aggregated due to covalent 
bonding between the active sulfhydryl (–SH) groups on the protein surface (Simmons et al., 
2007). Monahan et al. (1993) study the effect of heating, pH and protein concentration on 
whey protein denaturation and disulfide-mediated polymerization.  They found more 
denaturation at pH 3, 5 and 7, polymerization was done and it was apparent after heating at 
85, 75 and 70 °C respectively, while at pH 9 and 11 polymerization was done even at room 
temperature. They concluded that in alkaline conditions polymerization occur at room 
temperatures while during the acidic conditions it requires high temperature. 
 In the present study, pH of the pasteurized whey varied from 5.20 to 5.53, which could be 
one of the reasons of aggregation after heating.  Ryan et al (2012) founded the soluble 
aggregates in heated solutions of whey protein isolate (WPI) or β-Lg (7 % w/w, pH 6.8) for 
10 min at 90 °C. They further reported that formation of whey protein aggregates improved 
emulsions functionality of gels, coatings, encapsulation, films and foams.  
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In another study the liquid whey heated at 40 °C/30min also showed the formation of dimmer 
of 36 kDa. In our study, the heating temperature was higher, which could result in more 
denaturation, hence it is reported by few researchers that buffalo whey protein are more heat 
stable than the cow. The impact of the heat treatment of reconstituted skim milk conducted at 
75 °C, 85 °C and 90 °C for 20 min. has been studied by the Jovanovic et al (2007). They 
found that the heat treatments induced high molecular weight complex formation of β-Lg, α-
La and K-casein. The disulfide interactions between denatured molecules of these proteins 
are mostly responsible for the formation of co-aggregates. It is concluded that more 
denaturation was found at LTLT than HTST while other chemical charges were higher in 
HTST.  
4.2.14 HPLC analysis of pasteurized whey  
It was observed that four whey proteins, including BSA, α-La, β-LgB and β-LgA, were 
separated distinctively by HPLC. The Table (4.2.14a) shows the statistical evaluation of 
different whey proteins affected by HTST and LTLT pasteurization through HPLC. It is 
observed from the results that pasteurization methods have significant (p < 0.01) influence on 
the whey proteins. The mean values of the whey proteins presented in Table 4.2.14b showed 
the highest value of α-Lb in raw whey (867.67 ppm) followed by the HTST at 0 day (479.67 
ppm). It is also calculated that the denaturation α-Lb was found to be 45.75 % during HTST 
pasteurization, while 70 % reduction in α-Lb was noted during storage of 7 days. The more 
reduction was noted in LTLT is 53.55% then the HTST which is 45.75 %. It is also 
calculated that the denaturation α-Lb was found to be 53.55% during LTLT pasteurization, 
while 13% reduction in α-Lb was noted during storage of 7 days.   
The result of β-Lg shows the more reduction during LTLT (1736 to 901 ppm) than in the 
HTST (1736 to 1151 ppm), however during storage more reduction was observed in HTST 
(1151 to 864 ppm) than in the LTLT (901 to 913 ppm).  In the case of BSA more stability 
was noticed than α-Lb and β-Lg, but relatively higher denaturation was found in LTLT (64 to 
41 ppm). The CMP was least effected by the pasteurization but during storage highest 
decrease was found in HTST (355 to 187 ppm). 
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Figure 4.2.13 a. SDS-PAGE of whey pasteurized by HTST (72°C/15s). Lane 1 contain 
marker, lane 2 of unpasteurized whey and pasteurized whey after 0 and 7 days (lane 3 
and 4) of storage. 
Figure 4.2.13b SDS-PAGE of whey pasteurized by LTLT (65°C/30min). Lane 1 contain 
marker, lane 2 of  unpasteurized whey and pasteurized whey after 0 and 7 days (lane 3 
and 4) of storage. 
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Fig 4.2.14 shows the HPLC results of two methods of both pasteurizations on the different 
whey protein (β-Lg, α-Lb, BSA and CMP). It is clear that the concentration of β-Lg, α-Lb, 
BSA and CMP was higher in raw (unpasteurized whey) whey, while their concentration 
decreased after pasteurization. It is obvious from the graphical presentation of data that effect 
of LTLT was higher than the HTST.  
In a study it was reported that BSA has the worst heat-tolerance than α-La and β-Lg. It was 
found that all of it was lost after heating at 85 ˚C for 5min in contrast the α-La which was the 
strongest. The denaturation of β-LgB and β-LgA was not more than 10% when the skim milk 
was heated at 55˚C or 65˚C, but all of them were lost after heated to 95°C for 5min (Zhu et al 
., 2012) 
In another study, it was noted that denaturation the trends of four whey protein was as BSA, 
α-La, β-LgB and β-LgA after different temperature and time treatment. They also reported 
that most of the native BSA does not denatured when the milk is heated at 65 °C/30 min, but 
only 20 % was left after heating at 75 °C/30min, while almost all of the BSA was denatured 
at 85˚C/10 min.  The heating impact on α-La showed there was little denaturation when skim 
milk was heated at 55 °C/30 min and more than 80 % and 40 % remained when heated at 65 
°C/30 min and 75 °C30min respectively. At 85˚C only 2 % of α-La remained after heating 
for 30 min. when the temperature was elevated to 95 °C, 100% degeneration of native α-La 
was recorded during heating of 30 min. 
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Figure 4.1: HPLC standards peaks (25ppm) 
 
Figure 4.2.14: Effect of pasteurization (HTST and LTLT) and storage period from 0 to 
7 days on the concentration of α-Lb, β-Lg, BSA and CMP of pasteurized whey 
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Whey concentrate 
With the rapidly growing market for whey protein, the new processes are being introduced 
which enable the manufacturers to increase protein concentration levels. The application of 
whey protein as an ingredient in the development of new products, increase both 
functionality and nutritional value.  
The raw or liquid buffalo whey obtained from cheese industry was concentrated at 70 °C 
through rising film evaporator (Armfiled) to 38 and 48 % total solids. The whey concentrate 
were then stored at two temperatures (4°C and -20°C) and subjected for physicochemical, 
SDS-PAGE and HPLC analysis at 0, 15, 30, 45 and 60th day of storage. 
4.3. Physicochemical analysis of whey concentrates 
Whey concentrate samples were analyzed for changes in pH, acidity, ash, minerals, fat, 
lactose, total solids, total protein, non-protein nitrogen and viscosity during 60 days of 
storage after 15 days intervals. 
4.3.1 pH of whey concentrate 
pH is the indicator of enzymatic activity, which dissociate the lactose into lactic acid. The 
production of lactic acid brings the structural deformation in protein. In the manufacturing of 
dairy products pH plays a significant role to determine the end product quality (Jensen, 
1995). Effect of freezing milk causes crystallization of pure water and the unfrozen liquid 
becomes more saturated with respect to various salts. Some soluble calcium phosphate 
precipitates as Ca3(PO4) with the release of H
+ and a decrease in pH (e.g. to 5.8 at -20 °C). 
Crystallization of lactose as r-monohydrate exacerbates the situation. The higher 
concentrations of Ca2+ reduce the whey pH can be responsible for the destabilization of the 
casein micelles (Walstra et al., 2006). 
There were significant differences (p < 0.01) on pH of concentrated whey due to the impact 
of concentration level (C: 38 and 48% total solid), storage temperatures ( 4 and -20°C), 
storage duration (S: 0-60 days) and the interactive effect among these factors when the data 
obtained from analysis was subjected to statistical analysis (Table 4.3.1a).  
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The results corresponding the mean values of pH for concentrated whey (Table 4.3.1b) 
indicated a significant decrease from 5.21 to 4.38 during storage of 60 days. The interactive 
effect of storage periods with temperatures showed a progressive decrease in pH of 
concentrated whey at both temperatures, hence the total decrease in the case of 4°C 
temperature was lower 0.73 (5.21-4.48) than for the whey samples 0.93 (5.21-4.28) stored at 
-20°C. It is also noted from the these results that up to 45 days of storage the pH value of 
whey concentrate stored at -20°C was higher as compared to the whey stored at 4°C, but 
afterwards a sudden decline in pH from 4.88 to 4.28 in -20°C whey samples contributed the 
higher decrease of 0.93 in pH at -20°C. The mean of means presented in the Table 4.3a 
declare that the concentrated whey samples stored at 4°C showed the lower pH (4.80) value 
than stored at -20 °C (4.89).      
The mean of means value for pH of whey concentrate samples reported in Table (4.3.1c) 
revealed the higher value for 38% concentrate whey (5.32) than for the 48 % whey samples 
(4.37). It is also apparent from the results of the interaction between temperature and 
concentration presented in the same Table revealed that pH of 38 % (5.40) and 48 % 
concentrated wheys (4.36) were higher when stored at -20°C than the pH values 5.24 and 
4.36 respectively stored at 4 °C.  
The Table (4.3.1d) showing the results of interaction between storage temperature, storage 
period and concentration revealed the trend of decrease in pH of two concentrated whey 
samples with the passage of time during period. The mean of means of pH showed the total 
decrease of 0.69 pH (5.67 to 4.98) for 38 % concentrated whey during storage of 60 days 
irrespective of storage temperatures, while the decrease calculated in 48% concentrated whey 
was higher 0.98 (4.76 to 3.78) during the same period of storage. Considering the 
temperature of storage a decrease of 0.79 (5.67 to 4.88) in pH was observed in 38 % 
concentrated and 0.67 (4.76 to 4.09) decrease in 48 % concentrated whey at 4°C, hence at -20 
°C, the more decrease 1.28 (4.76 to 3.48) was observed in 48% concentrated whey during 
storage than 0.59 (5.67 to 5.08) in 38 % concentrated whey. 
It could be possible that decrease in pH during refrigeration storage was due to the 
conversion of lactose into lactic acid. Freezing depress the activity of bacteria greatly as 
compared to refrigeration temperature. After 45 days of frozen storage, lactose might be 
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converted by the lactase that is already produced but its activity increases after 
acclimatization at freezing conditions. This trend is observed in the findings of Fonseca et 
al., (2000) they find that at -20 °C the activity and acidification of Lactobacillus Bulgaricus 
decreases during storage. Fox and Connor, (1969) studied chemical and microbial changes in 
raw and concentrated whey and stated that pH of whey concentrate decreased during the 
storage period due to the degradation of lactose. Regarding the pH values of concentrated 
whey, Yousif et al. (1997) reported that the pH of acid and sweet whey fall between the 
ranges of 3.57 to 4.34 and 6.02 to 6.58 respectively. Almost similar pH results for normal 
acid (4.70) and sweet whey (6.10) were stated by Geringon et al. (2010). Later on Alsaed et 
al.,(2013) concentrated the two types of whey (acid and sweet) obtained from different 
sources and reported that the pH of these wheys fall in the range of 3.57 to 6.58. 
4.3.2 Acidity (%) of whey concentrate 
 
The acidity is the percentage of lactic acid measured by the titration with NaOH. Lactic acid 
is produced in the milk through the action of lactic acid bacteria on milk lactose. The acidity 
has inverse relationship with pH i.e. if pH is higher than acidity will be lower and vice versa.  
Statistical analysis of data regarding acidity contents of whey concentrate showed that the 
influence of the storage period (S), temperature of storage (T) and concentration of whey (C)  
was significant (P < 0.01) on acidity (Table 4.3.2a). It is also obvious from the results that the 
interactions between S×T and S×C also have a significant (p < 0.01) impact on the acidity 
while T×C and S×T×C showed non- significant (P > 0.05) effect on the acidity level of 
concentrated whey. 
The results of acidity provided in Table 4.3.2b indicated a significant increase (0.22) from 
1.36 % to 1.58 % during storage of 60 days irrespective of storage temperatures. The mean of 
means of concentrated whey samples stored at 4°C showed the higher acidity (1.49 %) value 
than the whey samples stored at -20°C (1.46 %). 
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Table. 4.3.1a Mean square for pH of whey concentrate  
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C  
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
4.7692 
 0.1307 
13.3859 
 0.4974 
 0.2815 
 0.0627 
 0.4554 
 0.0147 
19.5975 
1.1923 
 0.1307 
13.3859 
 0.1243 
 0.0704 
 0.0627 
 0.1138 
 0.0004 
3237.05** 
 354.75** 
36341.90** 
 337.59** 
 191.03** 
 170.30** 
 309.09** 
** = Highly significant (P<0.01) 
 
Table. 4.3.1b. Effect of storage temperature and time on the pH of whey concentrates  
Storage Temperature Storage mean 
4°C -20°C 
0 5.21 ± 0.20a 5.21 ± 0.20a 5.21 ± 0.14A 
15 4.98 ± 0.19d 5.09 ± 0.21b 5.03 ± 0.13B 
30 4.73 ± 0.22f 5.01 ± 0.20c 4.87 ± 0.15C 
45 4.60 ± 0.19g 4.88 ± 0.16e 4.74 ± 0.13D 
60 4.48 ± 0.18h 4.28 ± 0.36i 4.38 ± 0.19E 
Tmp. Mean 4.80 ± 0.10B 4.89 ± 0.11A    
 
Table. 4.3.1c. Effect of storage temperature and concentration on the pH of whey concentrates  
Conc. Temperature Concentration mean 
4°C -20°C 
38 5.24 ± 0.075b 5.40 ± 0.056a 5.32 ± 0.048A 
48 4.36 ± 0.068d 4.39 ± 0.123c 4.37 ± 0.069B 
 
Table. 4.3.1d. Effect of concentration, storage temperature and time on the pH of whey 
concentrates  
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4°C -20°C 
Conc.38:   0 5.67 ± 0.015a 5.67 ± 0.003a 5.67 ± 0.007A 
15 5.41 ± 0.021d 5.54 ± 0.007b 5.48 ± 0.031B 
30 5.23 ± 0.009e 5.45 ± 0.003c 5.34 ± 0.051C 
45 5.02 ± 0.010g 5.24 ± 0.003e 5.13 ± 0.050D 
60 4.88 ± 0.013h 5.08 ± 0.007f 4.98 ± 0.047E 
Conc.48:   0 4.76 ± 0.020i 4.76 ± 0.020i 4.76 ± 0.013F 
15 4.55 ± 0.007k 4.63 ± 0.003j 4.59 ± 0.017G 
30 4.22 ± 0.007m 4.56 ± 0.015k 4.39 ± 0.076H 
45 4.18 ± 0.007n 4.52 ± 0.007l 4.35 ± 0.076I 
60 4.09 ± 0.003o 3.48 ± 0.010p 3.78 ± 0.136J 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
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The interactive impact of storage days with the storage temperatures showed the progressive 
increase in the acidity of concentrated whey at both storage temperature, however higher 
increase (0.25 %) was observed in the samples stored at 4°C (1.36-1.61 %) while the to some 
extent lower increase (0.18 %) was noted in the samples stored at -20 °C (1.36-1.54%) 
during storage of 60 days. It is further noted from the results that the highest acidity content 
was found in whey samples stored at 4 °C on the 60th day of storage and the lowest content 
was observed in samples stored at both temperature at zero day of storage. 
The results of the impact of temperature and concentration on the acidity content of 
concentrated whey presented in Table 4.3.2c depicted the higher mean of means for acidity 
(1.68 %) in 48 % concentrated whey than the 38 % concentrated whey (1.27 %). It is also 
apparent from the results that acidity of 38% and 48% concentrated whey stored at 4°C were 
higher (1.28 % and 1.70 % respectively) that at -20°C (1.25% and 1.66 %).  
Table (4.3.2d) showing the results of interaction between storage temperature, storage period 
and concentration revealed the trend of increase in acidity of two concentrated whey samples 
with the storage period at 4 and -20°C. The mean of means of acidity showed the increase of 
0.17 % (1.18 % to 1.35 %) for 38 % concentrated whey during storage of 60 days 
irrespective of storage temperatures, while the increase in 48 % concentrated whey was 
0.28% (1.53 % to 1.81 %) during the same period of storage. Considering the temperature of 
storage an increase of 0.21 % in acidity was observed in 38 % concentrated and 0.31 % 
increase in 48% concentrated whey at 4°C, hence at -20°C, the more increase 0.24 % (1.53 % 
to 1.77 %) was observed in 48% concentrated whey during storage than 0.13 % (1.18 % to 
1.31 %) in 38 % concentrated whey.  It was concluded that there was higher rate of 
acidification at 4 °C than at -20 °C. 
The acidity increased due to the production of lactic acid in whey samples and pH decreased. 
Fox and O'Connor (1969) stated that lactose and total solids decreased during the storage and 
acidity increased. The results found by Wendorff (2001) were in line with the present finding 
with a difference of ovine milk who evaluated acidity of frozen milk at -15 °C and -27 °C. 
He found that at -15 °C acidity was significantly higher than store at -27 °C. Alsaed et al., 
(2013) found the 4.95 % acidity in concentrated acid whey and 2.07 % in concentrated sweet 
whey.  
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The increase in acidity during storage is due to enzymatic activities from indigenous and 
microbial sources, which convert the lactose to lactic acid. The higher value in whey samples 
stored at 4 °C is due to higher activities than at -20 °C. The higher increase in acidity (0.31 
%) of 48 % as compared to 0.21 % of 38 % concentrate whey is due to higher concentration 
value. 
 It has been observed that for the activity of β-galactosidase (lactase) from Aspergillus 
oryzae, the optimum is pH 5 and temperature 50–60°C (Rejikumar and Devi, 2001). 
 It has been observed through various studies that heat processing of whey effect the activity 
of β-galactosidase. At 55 to 75 °C, β-galactosidase activity decreased slightly, while heating 
whey at 85°C for 30 min raised the rate of hydrolysis significantly (Jimmenez-Guzman, 
2002), which could be the reason of hydrolysis of lactose into lactic acid.  
Horner et al., (2011) found in a study that the hydrolysis of lactose depends on the type of 
enzymes and temperature. They founded the two most active enzymes which hydrolyzed 
over 98% of the lactose in 24 h at 2 °C and the other two enzymes hydrolyzed over 95 % of 
the lactose in 24 h at 2 °C. Their results showed that lactose can be hydrolyzing during 
refrigerated storage, which justify the higher rate of acidification at refrigeration storage than 
at frozen.  
4.3.3 Fat content (%) of whey concentrate 
Lipids in whey protein concentrates are important with particularly consideration to the 
flavor and foaming qualities of the final whey products, as it is responsible for the foam 
stability of the product. Residual phospholipid fraction of whey protein concentrates is 
related with milk fat globule membrane material that contains mostly hydrophobic proteins. 
The level of fat content in whey depends mainly on the fat content of the raw milk used for 
cheese making. Homogenization and microfiltration are techniques that reduce the loss of fat 
in whey from milk during cheese making (Omole et al., 2012). High fat content in the cheese 
milk results more fat loss into the whey if these techniques are not applied.  
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Table. 4.3.2a Mean square for Acidity (%) of whey concentrate  
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C 
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
0.35128 
0.01442 
2.60833 
0.01031 
0.02342 
0.00060 
0.00202 
0.00807 
3.01846 
0.08782 
0.01442 
2.60833 
0.00258 
0.00586 
0.00060 
0.00051 
0.00020 
435.48** 
  71.48** 
12933.90** 
  12.78** 
  29.04** 
   2.98NS 
   2.51NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Table. 4.3.2b. Effect of storage temperature and time on the Acidity (%) of whey concentrates  
Storage Temperature Storage mean 
4°C -20°C 
0 1.36 ± 0.077f 1.36 ± 0.077f 1.36 ± 0.052E 
15 1.44 ± 0.091e 1.43 ± 0.093e 1.43 ± 0.062D 
30 1.50 ± 0.099c 1.47 ± 0.094d 1.48 ± 0.065C 
45 1.55 ± 0.105b 1.50 ± 0.093c 1.52 ± 0.067B 
60 1.61 ± 0.101a 1.54 ± 0.102b 1.58 ± 0.070A 
Tmp. Mean 1.49 ± 0.043A 1.46 ± 0.040B    
 
Table. 4.3.2c. Effect of storage temperature and concentration on the Acidity (%) of whey 
concentrates  
Conc. Temperature Concentration mean 
4°C -20°C 
38 1.28 ± 0.019 1.25 ± 0.013 1.27 ± 0.011B 
48 1.70 ± 0.030 1.66 ± 0.022 1.68 ± 0.019A 
 
Table. 4.3.2d. Effect of concentration, storage temperature and time on the Acidity (%) of whey 
concentrates  
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4°C -20°C 
Conc.38:   0 1.18 ± 0.007 1.18 ± 0.007 1.18 ± 0.004J 
15 1.23 ± 0.003 1.22 ± 0.007 1.23 ± 0.005I 
30 1.27 ± 0.007 1.26 ± 0.007 1.27 ± 0.005H 
45 1.31 ± 0.003 1.29 ± 0.000 1.30 ± 0.005G 
60 1.39 ± 0.003 1.31 ± 0.003 1.35 ± 0.017F 
Conc.48:   0 1.53 ± 0.013 1.53 ± 0.018 1.53 ± 0.010E 
15 1.64 ± 0.010 1.63 ± 0.012 1.64 ± 0.007D 
30 1.72 ± 0.003 1.68 ± 0.007 1.70 ± 0.008C 
45 1.78 ± 0.007 1.71 ± 0.003 1.75 ± 0.017B 
60 1.84 ± 0.010 1.77 ± 0.012 1.81 ± 0.017A 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
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Statistical analysis of data regarding fat contents of whey concentrate showed that the 
influence of the storage period (S) and concentration of whey (C) was significant (P < 0.01) 
on fat content of concentrated whey (Table 4.3.3a) while the temperature of storage (T) had 
non-significant effect (P > 0.05). It is also obvious from the results that the interactions 
between S×T and S×C also have a significant (p < 0.01) impact on the fat while T×C and 
S×T×C have non-significant (P > 0.05) effect.   
The results of storage temperature and time on fat percentage in the whey concentrate 
presented in Table (4.3.3b) express a significant but minor decrease in fat content from 2.02  
% to 1.97 % during storage of 60 days. The mean of means for fat content (%) in whey 
concentrate stored at 4 °C and -20 °C showed a non-significant difference in fat content (1.99 
%) irrespective of their concentration level. It is also apparent from the Table 4.3.3b that 
concentrated whey samples stored at 4 °C and -20 °C showed a decrease of 0.05 % (2.02 % 
to 1.97 %) and 0.04 % (2.01 %-1.97 %) respectively during storage while the mean fat level 
remains same at both temperatures. The interaction between temperature and concentration 
explored in Table 4.3.3c depicted the higher fat of 2.24% in 48 % concentrated whey than the 
38% concentrated whey (1.74 %). It is also apparent from the results that fat of 38% 
concentrated whey stored at 4°C and -20°C were same (1.74 %) and fat of 48 % concentrated 
whey stored at 4 °C and -20 °C were also same (2.24 %)   
The Table (4.3.3d) showing the results of interaction between storage temperature, storage 
period and concentration revealed the trend of decrease in fat content of two concentrated 
whey samples with the storage period. The mean of means of fat showed the decrease of 0.05 
% (1.77 % to 1.72 %) for 38 % concentrated whey during storage of 60 days irrespective of 
storage temperatures, while the decrease in 48% concentrated whey was less 0.03 % (2.26 % 
to 2.23 %) during the same period of storage. Considering the temperature of storage a minor 
decrease of 0.05 % in fat was observed in 38 % concentrated and 0.04 % decrease in 48 % 
concentrated whey at 4 °C, hence at -20 °C, the similar decrease 0.05 % (1.77 % to 1.72 %) 
was observed in 38 % concentrated whey during storage than 0.02 % (2.25 % to 2.23 %) in 
48 % concentrated whey. All the results declared that the temperature had non-significant 
effect on fat content with storage. 
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The present finding are in line with the work of Tacken et al. (2009) who studied whey 
samples frozen at -18 °C for 28 days and did not find any significant differences in the fat 
quantity. Silpralsert et al. (1987) studied samples stored at -20 °C for 28 days and did not 
observe any statistically significant changes in the fat content.  
Friend et al. (1983) evaluated samples for the fat content after 1 week, 1 month and 3 months 
stored at -20 °C they found a decreased, which was statistically non-significant trend was 
followed. This minor decrease may be due to lipase activity which breaks down the 
triglycerides, reducing their content and increasing the content of free fatty acids, 
monoglycerides and diglycerides, or reduction in antioxidant contents.  
4.3.4 Protein contents (%) of whey concentrate 
Total protein in whey is referred to as crude protein as it is the aggregate of all types of 
protein including the NPN and whey fractions. The whey proteins are subdivided into 
mammary synthesized protein and minor protein. The amount of whey protein varies from 
species to species. The importance of whey protein is due to the essential amino acids and 
branched chain amino acids that are important for the growth and development of newborns 
and athletes. 
Statistical analysis of data regarding protein contents of whey concentrate showed the highly 
significant (P <0.01) influence of whey concentration (C) on protein contents (%) of whey 
samples (Table 4.3.4a) while storage (S) and temperature of storage (T) exhibited a non-
significant effect (P > 0.05). 
The results (mean of means) pertaining to influence of storage temperatures and storage days 
on the protein contents of whey samples (Table (4.3.4b) indicated a minor decrease from 
5.158 % to 5.140 % during storage of 60 days. The concentrated whey samples stored at 4 °C 
showed a bit higher protein (5.149 %) value than stored at -20 °C (5.143 %), hence this is 
non-significant difference. The interaction between temperature and whey concentration 
presented in Table (4.3.4c) depicted the significant higher protein of 5.656 % in 48 % 
concentrated whey than the 38 % concentrated whey (4.636 %). It is also apparent from the 
results that protein of 38% concentrated whey stored at -20°C have lower (4.635 %) than at 4  
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Table. 4.3.3a Mean square for fat (%) of whey concentrate 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C 
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
0.01663 
0.00008 
3.69520 
0.00169 
0.00114 
0.00002 
0.00026 
0.00247 
3.71749 
0.00416 
0.00008 
3.69520 
0.00042 
0.00029 
0.00002 
0.00007 
0.00006 
  67.41** 
   1.32NS 
59922.20** 
   6.86** 
   4.62** 
   0.24NS 
   1.05NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Table. 4.3.3b. Effect of storage temperature and time on the fat (%) of whey concentrates  
Storage Temperature Storage mean 
4°C -20°C 
0 2.02 ± 0.110a 2.01 ± 0.107ab 2.02 ± 0.073A 
15 2.01 ± 0.108b 1.99 ± 0.110c 2.00 ± 0.074B 
30 1.99 ± 0.110c 1.99 ± 0.111cd 1.99 ± 0.074C 
45 1.97 ± 0.113f 1.98 ± 0.114de 1.97 ± 0.076D 
60 1.97 ± 0.113ef 1.97 ± 0.113ef 1.97 ± 0.076D 
Tmp. Mean 1.99 ± 0.046A 1.99 ± 0.046A    
 
Table. 4.3.3c. Effect of storage temperature and concentration on the fat (%) of whey 
concentrates  
Conc. Temperature Concentration mean 
4°C -20°C 
38 1.74 ± 0.007 1.74 ± 0.005 1.74 ± 0.004B 
48 2.24 ± 0.005 2.24 ± 0.003 2.24 ± 0.003A 
 
Table. 4.3.3d. Effect of concentration, storage temperature and time on the fat (%) of whey 
concentrates  
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4°C -20°C 
Conc.38:   0 1.77 ± 0.007 1.77 ± 0.007 1.77 ± 0.004D 
15 1.77 ± 0.003 1.75 ± 0.003 1.76 ± 0.005E 
30 1.75 ± 0.003 1.74 ± 0.003 1.74 ± 0.003F 
45 1.71 ± 0.007 1.73 ± 0.003 1.72 ± 0.004G 
60 1.72 ± 0.000 1.72 ± 0.000 1.72 ± 0.000G 
Conc.48:   0 2.27 ± 0.007 2.25 ± 0.007 2.26 ± 0.005A 
15 2.25 ± 0.000 2.24 ± 0.000 2.25 ± 0.002B 
30 2.24 ± 0.003 2.23 ± 0.003 2.24 ± 0.002C 
45 2.22 ± 0.003 2.24 ± 0.003 2.23 ± 0.005C 
60 2.23 ± 0.007 2.23 ± 0.007 2.23 ± 0.004C 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
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°C (4.637 %), while the protein of 48% concentrated whey found more at 4°C (5.661 %) than 
at -20 °C (5.650 %).The Table (4.3.4d) showing the results of interaction between storage 
temperature, storage period and concentration revealed the consistent trend in protein of two 
concentrated whey samples with the storage period. The mean of means of protein showed 
the minor decrease (4.647 % to 4.630%) for 38 % and 48 % concentrated whey (5.670 % to 
5.650 %) during storage of 60 days irrespective of storage temperatures. Considering the 
temperature of storage a minor decrease of 0.017 % in protein was observed in 38 % 
concentrated at 4 °C and -20 °C while the protein concentration decrease (0.01 %) at 4 °C 
and (0.03 %) at -20 °C for 48 % concentrate whey, however the changes were non-
significant. 
These results are agreement with finding of Abdrabo et al. (2009) who observed the effect of 
refrigeration and frozen conditions on nitrogen and non-protein nitrogen content of milk and 
found that total nitrogen content (0.7001%) remain constant during storage at 4 °C and -25 
°C.  
Koschak et al., (1981) studied protein stability in milk and concentrate and reported that at 
freezing temperature (-20 °C) protein remains stable for longer period of time. Results also 
confirm the findings of Wendorff, (2001) and Soliman et al. (2010) who reported that storage 
had no effect on total protein content. 
4.3.5   Non protein nitrogen content (%) of whey concentrate 
The non-protein nitrogen (NPN) of whey includes constituents from the synthesis and 
metabolism of milk components. The NPN fraction comprises urea, amino acids, choline and 
orotic acid of which urea represents 40%. The higher NPN content in cheese whey is owing 
to the presence of additional peptides (casein macropeptide) come from casein micelles 
during cheese production.  
Separation of NPN could be carried out when whey proteins are isolated as nitrogenous 
portion. NPN portion is found to have bioactive component due to the presence of free amino 
acids like taurine and certain nucleotide and their precursors. Choline required for the 
biosynthesis of phospholipids and orotic acid contributes in the reduction of cholesterol 
contents (De wit, 2001).  
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Table. 4.3.4a Mean square for Protein (%) of whey concentrate 
 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C 
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
  0.00256 
  0.00067 
 15.58561 
  0.00042 
  0.00031 
  0.00033 
  0.00016 
  0.00920 
 15.59924 
  0.00064 
  0.00067 
 15.58561 
  0.00010 
  0.00008 
  0.00033 
  0.00004 
  0.00023 
   2.78NS 
   2.90NS 
68000.00** 
   0.45NS 
   0.34NS 
   1.42NS 
   0.17NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Table. 4.3.4b. Effect of storage temperature and time on the Protein (%) of whey concentrates 
Storage Temperature Storage mean 
4°C -20°C 
0 5.158 ± 0.229 5.158 ± 0.229 5.158 ± 0.154A 
15 5.150 ± 0.228 5.135 ± 0.226 5.143 ± 0.153A 
30 5.148 ± 0.227 5.145 ± 0.226 5.147 ± 0.153A 
45 5.145 ± 0.230 5.140 ± 0.228 5.143 ± 0.155A 
60 5.145 ± 0.230 5.135 ± 0.226 5.140 ± 0.154A 
Tmp. Mean 5.149 ± 0.095A 5.143 ± 0.094A    
 
Table. 4.3.4c. Effect of storage temperature and concentration on the Protein (%) of whey 
concentrates  
Conc. Temperature Concentration mean 
4°C -20°C 
38 4.637 ± 0.004 4.635 ± 0.005 4.636 ± 0.003B 
48 5.661 ± 0.002 5.650 ± 0.004 5.656 ± 0.002A 
 
Table. 4.3.4d. Effect of concentration, storage temperature and time on the Protein (%) of whey 
concentrates  
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4°C -20°C 
Conc.38:   0 4.647 ± 0.009 4.647 ± 0.003 4.647 ± 0.004 
15 4.640 ± 0.006 4.630 ± 0.017 4.635 ± 0.008 
30 4.640 ± 0.010 4.640 ± 0.023 4.640 ± 0.011 
45 4.630 ± 0.012 4.630 ± 0.000 4.630 ± 0.005 
60 4.630 ± 0.000 4.630 ± 0.000 4.630 ± 0.000 
Conc.48:   0 5.670 ± 0.000 5.670 ± 0.000 5.670 ± 0.000 
15 5.660 ± 0.000 5.640 ± 0.000 5.650 ± 0.004 
30 5.657 ± 0.003 5.650 ± 0.000 5.653 ± 0.002 
45 5.660 ± 0.010 5.650 ± 0.010 5.655 ± 0.007 
60 5.660 ± 0.000 5.640 ± 0.012 5.650 ± 0.007 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
  
  
 
86 
Statistical analysis of data regarding NPN contents of whey concentrate showed that the 
influence of the storage period (S) and temperature of storage of whey (T) was highly 
significant (P < 0.01) on NPN (Table 4.3.5a) while concentration (C) had a significant effect 
(P < 0.05). It is also obvious from the results that the interactions between S×C also have a 
significant (p<0.05) impact on the NPN while the other interactions (S×T, T×C and S×T×C) 
have no significant (P > 0.05) effect.   
The effect of storage temperature and storage days on the value of NPN (%) is being 
presented in Table 4.3.5b. The results indicated a significant increase in mean of means from 
1.147 % to 1.263 % during storage of 60 days. Similarly, the result of NPN for whey 
concentrated stored as -20°C showed a higher value (1.22 %) as compare to 1.198 % at 4 °C. 
The interactive effect of storage with the temperature was non-significant. However the 
concentrated whey samples stored at 4 °C showed an increase of 0.11 % (1.140 % to 1.250 
%) value and at -20 °C, 0.124 % (1.277-1.153 %) increase was observed during storage.  The 
interaction between temperature and concentration presented in Table (4.3.5c) depicted the 
higher NPN of 1.214 % in 38 % concentrated whey than the 48 % concentrated whey (1.204 
%). It is also apparent from the results that NPN of 38 %  and 48 % concentrated whey when 
stored at 4 °C was 1.206 %  and 1.189 % respectively and  at -20 °C  was 1.221 % and 1.219 
% respectively, however there was no significant impact of both temperature of both 
concentrations.   
The Table (4.3.5d) showing the results of interaction between storage temperature, storage 
period and concentration revealed the trend of increase in NPN of both concentrated whey 
samples with the storage period. The mean of means of NPN showed the increase of 0.113 % 
(1.160 % to 1.273 %) for 38 % concentrated whey during storage of 60 days irrespective of 
storage temperatures, while the increase in 48 % concentrated whey was more 0.12 % (1.133 
% to 1.253 %) during the same period of storage. Considering the temperature of storage a 
minor increase of 0.1 % in NPN was observed in 38 % concentrated and 0.12 % increase in 
48 % concentrated whey at 4 °C, hence at -20 °C, the more increase 0.127 % (1.160 % to 
1.287 %) was observed in 38 % concentrated whey during storage than 0.12 % (1.147 % to 
1.267 %) in 48 % concentrated whey. 
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A research work conducted by Soliman et al. (2010) showed the denaturation of sweet whey 
proteins solutions of different protein concentrations and observed that NPN content 
increased during frozen storage due to proteolysis. Abdrabo et al., (2009) investigated 
influence of heat treatment and storage temperature on the nitrogen distribution. They found 
that NPN content of milk stored at 4°C increased from 0.0485 % to 0.0512 % after heat 
processing (72 °C). While at freezing temperature NPN increased from 0.0485 % to 0.0733 
%. 
4.3.6 Lactose contents (%) of whey concentrate 
Lactose is a disaccharide composed of two monosaccharide galactose and glucose, only 
present in milk. Lactose is 30% as sweet as sucrose and used as a sugar supplement and also 
in food confectionery, infant milk formulas, as a binder and filler in tablets. Lactose is 
extracted from whey in which it is found in the range from 4% to 4.9% but the amount varies 
between different types of whey.  
Statistical analysis of data regarding lactose contents of whey concentrate showed that the 
influence of the storage period (S), temperature of storage (T) and concentration of whey (C)  
was highly significant (P < 0.01) on lactose Table (4.3.6a). It is also obvious from the results 
that all the interactions between S, T and C also have a highly significant (p < 0.01) impact 
on the lactose contents. 
The data regarding the impact of storage days and storage temperature on the lactose content 
of whey concentrates are provided in Table 4.3.6b.  The results exhibited a significant 
decrease from 30.73 % to 26.36 % during storage of 60 days. The concentrated whey 
samples stored at 4°C showed the lower lactose (28.04 %) value than stored at -20 °C (28.91 
%). The interactive effect of storage days with the temperature of storage indicated that the 
significant decrease of 5.21 % (30.73-25.52 %) and 3.54 % (30.74-27.20 %) lactose content 
in whey concentrate when stored at 4°C and -20 °C respectively. 
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Table. 4.3.5a Mean square for NPN (%) of whey concentrate 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C 
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
0.1039567  
0.0077067  
0.0013067  
0.0005433  
0.0039767  
0.0008067  
0.0007100  
0.0127333  
0.1317400 
0.0259892 
0.0077067 
0.0013067 
0.0001358 
0.0009942 
0.0008067 
0.0001775 
0.0003183 
81.64** 
24.21** 
 4.10* 
 0.43NS 
 3.12* 
 2.53NS 
 0.56NS 
NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
 
Table. 4.3.5b. Effect of storage temperature and time on the NPN (%) of whey concentrates 
Storage Temperature Storage mean 
4°C -20°C 
0 1.140 ± 0.010 1.153 ± 0.003 1.147 ± 0.006E 
15 1.173 ± 0.008 1.192 ± 0.008 1.183 ± 0.006D 
30 1.195 ± 0.003 1.225 ± 0.011 1.210 ± 0.007C 
45 1.230 ± 0.011 1.255 ± 0.002 1.243 ± 0.007B 
60 1.250 ± 0.010 1.277 ± 0.005 1.263 ± 0.007A 
Tmp. Mean 1.198 ± 0.008B 1.220 ± 0.009A    
 
Table. 4.3.5c. Effect of storage temperature and concentration on the NPN (%) of whey 
concentrates  
Conc. Temperature Concentration mean 
4°C -20°C 
38 1.206 ± 0.010 1.221 ± 0.012 1.214 ± 0.008A 
48 1.189 ± 0.013 1.219 ± 0.013 1.204 ± 0.009B 
 
Table. 4.3.5d. Effect of concentration, storage temperature and time on the NPN (%) of whey 
concentrates  
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4°C -20°C 
Conc.38:   0 1.160 ± 0.006 1.160 ± 0.000 1.160 ± 0.003G 
15 1.180 ± 0.006 1.200 ± 0.000 1.190 ± 0.005EF 
30 1.190 ± 0.006 1.210 ± 0.000 1.200 ± 0.005DE 
45 1.240 ± 0.010 1.250 ± 0.000 1.245 ± 0.005B 
60 1.260 ± 0.006 1.287 ± 0.003 1.273 ± 0.007A 
Conc.48:   0 1.120 ± 0.010 1.147 ± 0.003 1.133 ± 0.008H 
15 1.167 ± 0.017 1.183 ± 0.017 1.175 ± 0.011FG 
30 1.200 ± 0.000 1.240 ± 0.020 1.220 ± 0.013CD 
45 1.220 ± 0.020 1.260 ± 0.000 1.240 ± 0.013BC 
60 1.240 ± 0.020 1.267 ± 0.003 1.253 ± 0.011AB 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
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The influence of temperature and concentration of whey on the lactose content presented in 
Table (4.3.6c) depicted the higher lactose of 31.75 % in 48 % concentrated whey than the 
38% concentrated whey (25.20 %). It is also apparent from the results that lactose of 38 % 
concentrated whey stored at -20 °C were higher (25.91 %) that at 4 °C (24.48 %), similarly 
the lactose of 48 % concentrated whey stored at -20 °C was also higher (31.90 %) than at 4 
°C (31.60 %).  
The Table (4.3.6d) showing the results of interaction between storage temperature, storage 
period and concentration revealed the trend of decrease in lactose of two concentrated whey 
samples with the storage period. The mean of means of lactose showed the decrease of 
4.73% (27.63 % to 22.90 %) for 38 % concentrated whey during storage of 60 days 
irrespective of storage temperatures, while the decrease in 48 % concentrated whey was less 
4 % (33.83 % to 29.83 %) during the same period of storage. Considering the temperature of 
storage a decrease of 5.8 % in lactose was observed in 38 % concentrated and 4.61 % 
decrease in 48 % concentrated whey at 4 °C, hence at -20 °C, the more decrease 3.67 % 
(27.64 % to 23.97 %) was observed in 38 % concentrated whey during storage than 3.4 % 
(33.83 % to 30.43 %) in 48 % concentrated whey.   
Results showed that with the increase of storage period, lactose content decreases. Findings 
of this study are in co-ordinance with the results of Sameen et al. (2013) who observed 
changes in whey drink and observed that lactose content was decreased during storage. The 
initial lactose content was 5.40 % lactose at 0 day which decreased to 4.73 % at 30 days of 
storage in sample stored at 4 °C. Goodnaught (1976) suggested that the decrease in lactose 
content during storage was due to its conversion into lactic acid.    
It has been studied that the activity of β-galactosidase increases in the presence of either β-
lactoglobulin or BSA, while α-lactalbumin had no effect on enzyme activity. Heating β-
lactoglobulin further increased β-galactosidase activity. It was found that lactase bound 
specifically to β-lactoglobulin and involved in enzyme activation but when heating in the 
presence of lactose, a reaction between the protein and the sugar is resulted, which inhibit the 
binding capacity of the protein to the enzyme and ultimately affect the activity. It is 
concluded release of sulfhydryl groups of β-lactoglobulin by heat treatment and ability of the 
native protein to bind the enzyme raises the lactase (Jimenez-Guzman et al., 2002). 
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Table. 4.3.6a Mean square for lactose (%) of whey concentrate  
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C 
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
139.743 
 11.206 
644.651 
  8.160 
  1.318 
  4.856 
  2.523 
  0.357 
812.815 
34.936 
 11.206 
644.651 
  2.040 
  0.329 
  4.856 
  0.631 
  0.009 
3909.25** 
1253.94** 
72135.60** 
 228.27** 
  36.87** 
 543.43** 
  70.58** 
** = Highly significant (P<0.01) 
 
Table. 4.3.6b. Effect of storage temperatures and time on the lactose (%) of whey concentrates 
Storage Temperature Storage mean 
4°C -20°C 
0 30.73 ± 1.39a 30.74 ± 1.38a 30.73 ± 0.93A 
15 29.32 ± 1.54c 29.48 ± 1.37b 29.40 ± 0.98B 
30 28.16 ± 1.56e 28.87 ± 1.25d 28.51 ± 0.96C 
45 26.49 ± 1.82g 28.25 ± 1.25e 27.37 ± 1.09D 
60 25.52 ± 1.66h 27.20 ± 1.44f 26.36 ± 1.08E 
Tmp. Mean 28.04 ± 0.75B 28.91 ± 0.60A    
 
Table. 4.3.6c. Effect of storage temperatures and concentrations on the lactose (%) of whey 
concentrates  
Conc. Temperature Concentration mean 
4°C -20°C 
38 24.48 ± 0.575d 25.91 ± 0.322c 25.20 ± 0.350B 
48 31.60 ± 0.434b 31.90 ± 0.319a 31.75 ± 0.266A 
 
Table. 4.3.6d. Effect of concentrations, storage temperatures and time on the lactose (%) of 
whey concentrates  
 
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4 -20 
Conc.38:   0 27.62 ± 0.030h 27.64 ± 0.010h 27.63 ± 0.015F 
15 25.87 ± 0.067k 26.43 ± 0.042i 26.15 ± 0.130G 
30 24.67 ± 0.003m 26.08 ± 0.053j 25.37 ± 0.317H 
45 22.43 ± 0.023o 25.44 ± 0.064l 23.94 ± 0.675I 
60 21.82 ± 0.015p 23.97 ± 0.012n 22.90 ± 0.482J 
Conc.48:   0 33.83 ± 0.020a 33.83 ± 0.076a 33.83 ± 0.035A 
15 32.77 ± 0.010b 32.54 ± 0.023c 32.65 ± 0.053B 
30 31.66 ± 0.088d 31.65 ± 0.109d 31.66 ± 0.063C 
45 30.54 ± 0.127f 31.05 ± 0.010e 30.80 ± 0.127D 
60 29.22 ± 0.017g 30.43 ± 0.042f 29.83 ± 0.271E 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
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4.3.7 Total solids (%) of concentrate 
Total solids refers to the total of the fat and solids not fat (SNF) contents, including protein, 
lactose, minerals, acid, enzymes, vitamins and any other solids present. It is the indicative of 
all the solid contents present in the whey. Determination of total solid contents of whey is 
important in determining the end product quality and the features that imparts the end 
product. The amount of total solids is influenced by source of milk, processing conditions 
and type of the whey (acid or sweet). 
Statistical analysis of data regarding total solids contents of whey concentrate in Table 
(4.3.7a)  showed that the influence of the storage period (S), temperature of storage (T) and 
concentration of whey (C)  was highly significant (P < 0.01) on total solids (Table 4.4a). It is 
also obvious from the results that all the interactions between S, T and C also have a 
significant (p < 0.01) impact on the total solid contents. 
The results of total solids presented in the Table (4.3.7b) indicated a slight but significant 
decrease from 43.53 % to 40.16 % during storage of 60 days. The concentrated whey 
samples stored at 4 °C showed the lower total solid (41.54 %) values than stored at -20 °C 
(42.08 %). The interaction between temperature and concentration presented in Table 
(4.3.7c) depicted the higher total solids of 46.77 % in 48 % concentrated whey than the 38 % 
concentrated whey (36.85 %). It is also apparent from the results that the total solids of 38 % 
concentrated whey stored at -20 °C were higher (37.38 %) that at 4 °C (36.31 %), while the 
effect of storage temperatures on the 48 % concentrated whey was non-significant because 
the values share the same letter (46.77 and 46.78 %).   
The Table (4.3.7d) showing the results of the interaction between storage temperature, 
storage period and concentration revealed the trend of decrease in total solids of two 
concentrated whey samples with the storage period. The mean of means of total solids 
showed the decrease of 2.79 % (38.47 % to 35.48 %) for 38% concentrated whey during 
storage of 60 days irrespective of storage temperatures, while the decrease in 48 % 
concentrated whey was higher 3.75 % (48.60 % to 44.85 %) during the same period of 
storage. Considering the temperature of storage a decrease of 3.79 % in total solids was 
observed in both concentrated whey at 4 °C, hence at -20 °C, the more decrease 3.71 % 
(48.53 % to 44.82 %) was observed in 48 % concentrated whey during storage than 2.19 % 
(38.67 % to 36.48 %) in 38 % concentrated whey.   
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Table. 4.3.7a Mean square for total solids (%) of whey concentrates  
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C 
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
   82.44 
    4.35 
 1478.68 
    1.72 
    2.05 
    4.18 
    1.52 
    1.52 
 1576.45 
  20.61 
   4.35 
1478.68 
   0.43 
   0.51 
   4.18 
   0.38 
   0.04 
543.50** 
 114.78** 
38994.60** 
  11.32** 
  13.51** 
 110.28** 
  10.03** 
** = Highly significant (P<0.01) 
 
Table. 4.3.7b. Effect of storage temperatures and time on the total solids (%) of whey 
concentrates 
Storage Temperature Storage mean 
4°C -20°C 
0 43.47 ± 2.33a 43.60 ± 2.20a 43.53 ± 1.53A 
15 42.40 ± 2.37b 42.62 ± 2.32b 42.51 ± 1.58B 
30 41.63 ± 2.31d 42.11 ± 2.08c 41.87 ± 1.48C 
45 40.53 ± 2.36e 41.41 ± 2.05d 40.97 ± 1.50D 
60 39.68 ± 2.32f 40.65 ± 1.86e 40.16 ± 1.43E 
Tmp. Mean 41.54 ± 1.00B 42.08 ± 0.90A    
 
Table. 4.3.7c. Effect of storage temperatures and concentrations on the total solids (%) of whey 
concentrates  
 
Conc. Temperature Concentration mean 
4°C -20°C 
38 36.31 ± 0.362c 37.38 ± 0.201b 36.85 ± 0.226B 
48 46.77 ± 0.361a 46.78 ± 0.352a 46.77 ± 0.247A 
 
Table. 4.3.7.d Effect of concentrations, storage temperatures and time on the total solids (%) of 
whey concentrates  
 
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4°C -20°C 
Conc.38:   0 38.27 ± 0.318g 38.67 ± 0.130f 38.47 ± 0.179F 
15 37.09 ± 0.040i 37.44 ± 0.023h 37.27 ± 0.082G 
30 36.47 ± 0.026j 37.45 ± 0.026h 36.96 ± 0.221H 
45 35.25 ± 0.124k 36.84 ± 0.040i 36.05 ± 0.360I 
60 34.48 ± 0.017l 36.48 ± 0.020j 35.48 ± 0.448J 
Conc.48:   0 48.67 ± 0.127a 48.53 ± 0.062a 48.60 ± 0.071A 
15 47.71 ± 0.137b 47.79 ± 0.127b 47.75 ± 0.086B 
30 46.78 ± 0.111c 46.77 ± 0.061c 46.78 ± 0.057C 
45 45.81 ± 0.137d 45.99 ± 0.071d 45.90 ± 0.079D 
60 44.88 ± 0.043e 44.82 ± 0.129e 44.85 ± 0.062E 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
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4.3.8 Ash content (%) of whey concentrate 
The ash content of a product refers to the inorganic residue remaining after either ignition or 
complete combustion of the organic matter in a foodstuff. The elements in ash are converted 
from their original forms to oxides or carbonates (Fox, 2009).  
Statistical analysis of data regarding ash contents of whey concentrate showed that the 
influence of concentration of whey (C) was highly significant (P < 0.01) on ash content 
(Table 4.3.8a) while storage (S) temperature of storage (T) have non-significant effect (P > 
0.05). It is also obvious from the results that the interactions between T×C also have a highly 
significant (p < 0.01) impact on the ash while S×C, S×T and S×T×C have non-significant 
(P>0.05) effect.  
The results of ash in Table (4.3.8b) indicated a minor increase from 4.07 % to 4.08 % during 
storage of 60 days. The concentrated whey samples stored at 4 °C showed the lower ash 
(4.07 %) value than stored at -20 °C (4.08 %). The interaction between temperature and 
concentration presented in Table (4.3.8c) depicted the significant higher ash content of 4.53 
% in 48 % concentrated whey than the 38 % concentrated whey (3.62 %). It is also apparent 
from the results that ash of 38 % concentrated whey stored at -20 °C were higher (3.62 %) 
than at 4 °C (3.61 %), while the ash of 48 % concentrated whey remains same at both 
temperatures -20 °C and 4 °C (4.53 %),  
The Table (4.3.8d) showing the results of interaction between storage temperature, storage 
period and concentration revealed the constant trend in ash of two concentrated whey 
samples with the storage period. The mean of means of ash showed the minor increase (3.61 
% to 3.62 %) for 38 % concentrated whey during storage of 60 days irrespective of storage 
temperatures, while in 48 % concentrated whey (4.53 % to 4.54 %) during the same period of 
storage. Considering the temperature of storage a minor increase of 0.01 % in ash was 
observed in 38% concentrated at 4 °C and -20 °C while the ash concentration remains the 
same at both temperatures in 48 % concentration. Findings of this study are in accordance 
with the results of Sameen et al. (2013) who found that ash content remain unchanged during 
storage. 
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Table. 4.3.8a Mean square for Ash (%) of whey concentrate 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C 
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
0.0006 
 0.0001 
12.4944 
 0.0003 
 0.0003 
 0.0011 
 0.0002 
 0.0045 
12.5015 
  0.0002 
  0.0001 
 12.4944 
  0.0001 
  0.0001 
  0.0011 
  0.0001 
  0.0001 
   1.37NS 
   0.96NS 
 111890.00** 
   0.62NS 
   0.62NS 
  10.09** 
   0.50NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Table. 4.3.8b. Effect of storage temperature and time on the Ash (%) of whey concentrates 
Storage Temperature Storage mean 
4°C -20°C 
0 4.07 ± 0.207 4.07 ± 0.203 4.07 ± 0.138 
15 4.07 ± 0.205 4.08 ± 0.202 4.07 ± 0.137 
30 4.08 ± 0.209 4.08 ± 0.202 4.08 ± 0.138 
45 4.07 ± 0.206 4.08 ± 0.202 4.07 ± 0.137 
60 4.08 ± 0.203 4.08 ± 0.202 4.08 ± 0.137 
Tmp. Mean 4.07 ± 0.086 4.08 ± 0.084    
 
Table. 4.3.8c. Effect of storage temperature and concentration on the Ash (%) of whey 
concentrates  
Conc. Temperature Concentration mean 
4°C -20°C 
38 3.61 ± 0.002c 3.62 ± 0.004b 3.62 ± 0.002B 
48 4.53 ± 0.002a 4.53 ± 0.002a 4.53 ± 0.002A 
 
Table. 4.3.8d. Effect of concentration, storage temperature and time on the Ash (%) of whey 
concentrates  
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4°C -20°C 
Conc.38:   0 3.61 ± 0.003 3.62 ± 0.012 3.61 ± 0.006 
15 3.61 ± 0.003 3.62 ± 0.015 3.62 ± 0.007 
30 3.62 ± 0.003 3.63 ± 0.012 3.62 ± 0.006 
45 3.61 ± 0.000 3.63 ± 0.003 3.62 ± 0.004 
60 3.62 ± 0.000 3.63 ± 0.003 3.62 ± 0.002 
Conc.48:   0 4.53 ± 0.003 4.53 ± 0.003 4.53 ± 0.003 
15 4.53 ± 0.006 4.53 ± 0.003 4.53 ± 0.003 
30 4.55 ± 0.000 4.53 ± 0.000 4.54 ± 0.004 
45 4.53 ± 0.000 4.53 ± 0.000 4.53 ± 0.000 
60 4.53 ± 0.000 4.53 ± 0.012 4.53 ± 0.005 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
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4.3.9 Potassium content (%) of whey concentrate 
Potassium (K) is important for correct functioning of the heart, fluid balance, nerve 
conduction as well as for the muscle contraction 
Statistical analysis of data regarding potassium contents of whey concentrate showed that the 
influence of concentration of whey (C) was highly significant (P < 0.01) on potassium (Table 
4.3.9a) and storage (S) has non-significant (p>0.05) effect and temperature of storage (T) has 
significant effect (P < 0.05). It is also obvious from the results that all the interactions 
between S, T and C have a non-significant (p > 0.05) impact on the potassium. 
The results of potassium contents presented in the Table (4.3.9b) indicated a minor decrease 
from 990.42 to 988.67mg/100 g during storage of 60 days. The concentrated whey samples 
stored at 4 °C showed the bit higher potassium content (990.13 mg/100 g) than stored at -20 
°C (988.73 mg/100 g). The interaction between temperature and concentration presented in 
(Table 4.3.9c) depicted the significant higher potassium of 991.87 in 48 % concentrated 
whey than the 38 % concentrated whey (987.00 mg/100 g). It is also apparent from the 
results that potassium content of 38 % concentrated whey stored at -20 °C have lower value 
(986.00 mg/100 g) then at 4 °C (988.00 mg/100 g), while the potassium of 48 % concentrated 
whey found more at 4 °C (992.27mg/100 g). 
Table (4.3.9d) showing the results of interaction between storage temperature, storage period 
and concentration revealed the constant trend in potassium content of two concentrated whey 
samples with the storage period. The mean of means of potassium content showed the same 
value (987.00 mg/100 g) for 38 % concentrated whey during storage of 60 days irrespective 
of storage temperatures, while in 48% concentrated whey (993.83 to 990.33 mg/100 g) 
during the same period of storage. Considering the temperature of storage a same value 
(988.00 mg/100 g) of  potassium content was observed in 38% concentrated at 4 °C and at -
20 °C (986.00 mg/100 g) while in the potassium concentration minor decrease was recorded 
(3.66 mg/100 g) at 4 °C and (3.33) at -20 °C in 48% concentration. Results are in close 
relationship with Fransson and Lonnerdal (1983) who have evaluated effects of freezing at -
20 °C on various minerals and trace elements between different fractions of milk. The results 
indicated that freezing produced non-significant changes in the mineral and trace element in 
fractions of milk source.  
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 Table. 4.3.9a Mean square for K (mg/100 g) of whey concentrate 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C 
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
  17.57 
   3.75 
  84.02 
  21.83 
  12.23 
   6.02 
  19.57 
1040.00 
1204.98 
4.3917 
 3.7500 
84.0167 
 5.4583 
 3.0583 
 6.0167 
 4.8917 
26.0000 
0.17NS 
0.14NS 
3.23NS 
0.21NS 
0.12NS 
0.23NS 
0.19NS 
NS = Non-significant (P>0.05) 
 
Table. 4.3.9b. Effect of storage temperature and time on the K (mg/100 g) of whey concentrates 
Storage Temperature Storage mean 
4°C -20°C 
0 989.00 ± 2.70 988.83 ± 2.63 988.92 ± 1.79A 
15 989.83 ± 2.24 989.00 ± 1.10 989.42 ± 1.20A 
30 987.50 ± 0.67 989.00 ± 1.13 988.25 ± 0.66A 
45 988.50 ± 2.26 990.83 ± 1.54 989.67 ± 1.35A 
60 989.83 ± 2.37 989.50 ± 1.88 989.67 ± 1.44A 
Tmp. Mean 988.93 ± 0.91A 989.43 ± 0.74A    
 
Table. 4.3.9c. Effect of storage temperature and concentration on the K (mg/100 g) of whey 
concentrates  
Conc. Temperature Concentration mean 
4°C -20°C 
38 988.07 ± 1.43 987.93 ± 1.14 988.00 ± 0.90A 
48 989.80 ± 1.15 990.93 ± 0.79 990.37 ± 0.69A 
 
Table. 4.3.11d. Effect of concentration, storage temperature and time on the K (mg/100 g) of 
whey concentrates  
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4°C -20°C 
Conc.38:   0 988.00 ± 4.36 987.00 ± 4.36 987.50 ± 2.77 
15 988.00 ± 4.62 987.33 ± 1.33 987.67 ± 2.16 
30 987.67 ± 0.33 988.00 ± 2.00 987.83 ± 0.91 
45 988.33 ± 2.60 988.33 ± 2.33 988.33 ± 1.56 
60 988.33 ± 4.91 989.00 ± 3.79 988.67 ± 2.78 
Conc.48:   0 990.00 ± 4.04 990.67 ± 3.48 990.33 ± 2.39 
15 991.67 ± 0.67 990.67 ± 1.20 991.17 ± 0.65 
30 987.33 ± 1.45 990.00 ± 1.15 988.67 ± 1.02 
45 988.67 ± 4.33 993.33 ± 0.33 991.00 ± 2.21 
60 991.33 ± 1.33 990.00 ± 1.73 990.67 ± 1.02 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
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4.3.10 Sodium content (mg/100 g) of whey concentrate 
Sodium occurs naturally in most foods such as milk, beets, and celery. Sodium has a direct 
effect on blood pressure and blood volume. Muscles and nerves functioning are also 
dependent on sodium level to work properly.  
Statistical analysis of data regarding sodium contents of whey concentrate showed that the 
influence of the concentration of whey (C) was highly significant (P < 0.01) on sodium 
content (Table 4.3.10a) While temperature of storage (T) and storage period (S) had non-
significant (P>0.05) effect. It is also obvious from the results that all the interactions between 
S, T and C also have non-significant (P > 0.05) effect.  
The results of sodium content are presented in the Table (4.3.10b), which indicated a minor 
decrease sodium content from 268.08 to 267.58 mg/100 g during storage of 60 days. The 
concentrated whey samples stored at 4 °C showed a minor higher sodium (268.13mg/100 g) 
value than stored at -20 °C (267.67 mg/100 g). The interaction between temperature and 
concentration presented in Table (4.3.10c) depicted the significantly higher Na content of 
269.30 mg/100 g in 48 % concentrated whey than the 38 % concentrated whey (266.50 
mg/100 g). It is also apparent from the results that Na of 38 % concentrated whey stored at -
20 °C have lower (266.00 mg/100 g then at 4 °C (267.00 mg/100 g), while the Na contents of 
48 % concentrated whey was found same at both temperatures.  
Table (4.3.10d) showing the results of interaction between storage temperature, storage 
period and concentration revealed the constant trend in Na of two concentrated whey samples 
with the storage period. The mean of means of Na contents showed the same value (266.50 
mg/100 g) for 38 % concentrated whey during storage of 60 days irrespective of storage 
temperatures, while in 48 % concentrated whey (269.67 to 268.67 mg/100 g) during the same 
period of storage. Considering the temperature of storage a same value (267.00 mg/100 g) of 
Na was observed in 38 % concentrated at 4 °C and at -20 °C (266.00 mg/100 g) while in the 
Na concentration minor change occured at 4 °C and at -20 °C in 48 % concentration. 
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Table. 4.3.10a Mean square for Na (mg/100 g) of whey concentrate 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C 
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
  7.400 
  2.017 
  1.350 
  4.067 
  4.400 
  2.817 
 12.933 
504.667 
539.650 
1.8500 
 2.0167 
 1.3500 
 1.0167 
 1.1000 
 2.8167 
 3.2333 
12.6167 
0.15NS 
 0.16NS 
 0.11NS 
 0.08NS 
 0.09NS 
 0.22NS 
 0.26NS 
NS = Non-significant (P>0.05) 
 
Table. 4.3.10b. Effect of storage temperature and time on the Na (mg/100 g) of whey 
concentrate 
Storage Temperature Storage mean 
4°C -20°C 
0 269.67 ± 1.48 269.83 ± 1.30 269.75 ± 0.94A 
15 268.50 ± 0.92 268.83 ± 1.51 268.67 ± 0.85A 
30 269.50 ± 1.20 268.83 ± 1.42 269.17 ± 0.89A 
45 269.67 ± 1.71 268.67 ± 1.78 269.17 ± 1.19A 
60 269.33 ± 0.80 268.67 ± 0.56 269.00 ± 0.48A 
Tmp. Mean 269.33 ± 0.53A 268.97 ± 0.58A    
 
Table. 4.3.10c. Effect of storage temperature and concentration on the Na (mg/100 g) of whey 
concentrates  
Conc. Temperature Concentration mean 
4°C -20°C 
38 269.40 ± 0.96 268.60 ± 0.95 269.00 ± 0.67A 
48 269.27 ± 0.50 269.33 ± 0.69 269.30 ± 0.42A 
 
Table. 4.3.10d. Effect of concentration, storage temperature and time on the Na (mg/100 g) of 
whey concentrates  
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4°C -20°C 
Conc.38:   0 270.33 ± 2.85 269.33 ± 2.85 269.83 ± 1.82 
15 268.00 ± 1.00 269.33 ± 3.33 268.67 ± 1.58 
30 269.67 ± 2.67 268.67 ± 2.67 269.17 ± 1.70 
45 270.33 ± 3.33 267.67 ± 1.67 269.00 ± 1.77 
60 268.67 ± 1.67 268.00 ± 1.00 268.33 ± 0.88 
Conc.48:   0 269.00 ± 1.53 270.33 ± 0.33 269.67 ± 0.76 
15 269.00 ± 1.73 268.33 ± 0.33 268.67 ± 0.80 
30 269.33 ± 0.33 269.00 ± 1.73 269.17 ± 0.79 
45 269.00 ± 1.73 269.67 ± 3.48 269.33 ± 1.74 
60 270.00 ± 0.00 269.33 ± 0.33 269.67 ± 0.21 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
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4.3.11 Calcium contents (mg/100 g) of whey concentrate  
Bioavailability of calcium is very much greater from the whey source and it prevents bone 
loss in athletes. There is considerable signs that increasing calcium intake above average, in 
many countries may have benefits for the maintenance and development of bones and it 
reduces the risk of osteoporosis in adulthood. 
Statistical analysis of data regarding calcium contents of whey concentrate showed that the 
influence of the concentration of whey (C), temperature of storage (T), storage period (S) and 
all the interactions between S, T and C  have non-significant (P > 0.05) effect on the Ca 
contents of concentrated whey. 
 It is also obvious from the results of calcium content (mean values) presented in the Table 
(4.3.11b) that there was a minor increase from 328.67 to 328.83 mg/100 g during storage of 
60 days. The concentrated whey samples stored at 4 °C showed the higher calcium contents 
(329.07 mg/100 g) than the stored at -20 °C (328.00 mg/100 g). The interaction between 
temperature and concentration presented in Table (4.3.11c) depicted the significant higher 
calcium contents (329.40 mg/100 g) in 48 % concentrated whey than the 38 % concentrated 
whey (327.67 mg/100 g). It is also apparent from the results that calcium contents of 38 % 
concentrated whey stored at -20 °C have relatively lower values (326.73 mg/100 g) then at 4 
°C (328.60 mg/100 g), while the calcium contents of 48 % concentrated whey found same at 
both temperatures (4 °C and -20 °C).  
The Table (4.3.11d) showing the results of interaction between storage temperature, storage 
period and concentration revealed the constant trend in calcium contents of two concentrated 
whey samples with the storage period. The mean of means of calcium showed the no change 
(328.33-327.17 mg/100 g) for 38 % concentrated whey during storage of 60 days irrespective 
of storage temperatures, while in 48% concentrated whey (328.83–330.00 mg/100 g) during 
the same period of storage. Considering the temperature of storage showed a minor change 
(328.00-329.00 mg/100 g) of Ca was observed in 38 % concentrated at 4 °C and at -20 °C 
(326.00-328.67 mg/100 g) while in the Ca concentration minor change occur at 4 °C (328.00-
331.33 mg/100 g) and at -20 °C (330.00-328.67) in 48 % concentration. De la Fuente et al. 
(2002) studied mineral balance of frozen ewe and goat milk for three months and reported 
that similar levels of calcium was measured in frozen milk as in unfrozen milk after thawing. 
The increase in calcium content from 38 % to 48 % concentrated whey is the effect of 
evaporation on concentration. 
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Table. 4.3.11a Mean square for Ca (mg/100g) of whey concentrate 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C 
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
   3.767 
  17.067 
  45.067 
  18.100 
   6.100 
   9.600 
  11.900 
 541.333 
 652.933 
  0.9417 
 17.0667 
 45.0667 
  4.5250 
  1.5250 
  9.6000 
  2.9750 
 13.5333 
0.07NS 
1.26NS 
3.33NS 
0.33NS 
0.11NS 
0.71NS 
0.22NS 
NS = Non-significant (P>0.05) 
 
Table. 4.3.11b. Effect of storage temperature and time on the Ca (mg/100g) of whey 
concentrates 
Storage Temperature Storage mean 
4°C -20°C 
0 329.33 ± 1.99 328.00 ± 2.18 328.67 ± 1.42A 
15 328.50 ± 0.34 328.67 ± 0.84 328.58 ± 0.43A 
30 328.00 ± 0.37 328.17 ± 1.01 328.08 ± 0.51A 
45 329.33 ± 2.04 327.67 ± 1.65 328.50 ± 1.28A 
60 330.17 ± 1.28 327.50 ± 1.12 328.83 ± 0.90A 
Tmp. Mean 329.07 ± 0.60A 328.00 ± 0.60A    
 
Table. 4.3.11c. Effect of storage temperature and concentration on the Ca (mg/100g) of whey 
concentrates  
Conc. Temperature Concentration mean 
4°C -20°C 
38 328.60 ± 0.29 326.73 ± 0.71 327.67 ± 0.42A 
48 329.53 ± 1.18 329.27 ± 0.88 329.40 ± 0.72A 
 
Table. 4.3.11d. Effect of concentration, storage temperature and time on the Ca (mg/100g) of 
whey concentrates  
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4°C -20°C 
Conc.38:   0 329.00 ± 0.58 326.33 ± 1.20 327.67 ± 0.84 
15 328.00 ± 0.58 328.67 ± 1.86 328.33 ± 0.88 
30 328.00 ± 0.58 326.33 ± 1.33 327.17 ± 0.75 
45 329.00 ± 1.15 326.00 ± 2.00 327.50 ± 1.23 
60 329.00 ± 0.00 326.33 ± 2.19 327.67 ± 1.15 
Conc.48:   0 329.67 ± 4.41 329.67 ± 4.41 329.67 ± 2.79 
15 329.00 ± 0.00 328.67 ± 0.33 328.83 ± 0.17 
30 328.00 ± 0.58 330.00 ± 0.00 329.00 ± 0.52 
45 329.67 ± 4.41 329.33 ± 2.60 329.50 ± 2.29 
60 331.33 ± 2.60 328.67 ± 0.33 330.00 ± 1.32 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
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4.3.12 Viscosity (cP) of whey concentrate 
Viscosity is a measure of the ability of homogeneous and Newtonian fluids to resist free flow 
movement at a constant rate. However, most food liquids are non-Newtonian fluids and do 
not experience constant viscosity, but apparent viscosity, which is related to shear rate. Milk, 
skim milk, cheese whey and whey permeate can be regarded as dilute solutions and are 
generally be considered to be Newtonian fluids. The viscosity of milk and dairy products 
depend on temperature, concentration and fat globules. The apparent viscosity decides the 
possible application of whey protein concentrate with excellent technological functionality 
and high nutritional value in liquid food products as textural ingredients (Patocka et al., 
2006).  
Statistical analysis of data regarding viscosity attribute of whey concentrate (Table 4.3.12a) 
showed that the influence of the storage period (S) and concentration of whey (C) was highly 
significant (P < 0.01) on viscosity, while temperature of storage (T) had non-significant 
(P>0.05) effect. It is also obvious from the results that all the interactions between S, T and C 
also had non-significant (P > 0.05) influence. 
The Table (4.3.12b) showed the impact of storage temperatures and storage periods on the 
mean values of viscosity (cP) of the concentrated whey. The results indicated a significant 
increase from 640.75 to 654.08 cP during storage of 60 days. The concentrated whey samples 
stored at 4°C showed the increase in viscosity (12.5 cP) value than stored at -20 °C (14.16 
cP). The results of interaction between temperature of storage and concentration are 
presented in Table (4.3.12c) which depicted the higher viscosity of 658.03 cP in 48 % 
concentrated whey than the 38 % concentrated whey (637.43 cP). It is also apparent from the 
results that viscosity of 38 % concentrated whey stored at 4 °C was lower (636.47 cP) then 
that at -20 °C (638.40 cP), while the viscosity of 48 % concentrated whey stored at 4 °C was 
lower (657.07 cP) than at -20 °C (659.00 cP).  
The Table (4.3.12d) showing the results of interaction between storage temperature, storage 
period and concentration revealed the trend of increase in viscosity of two concentrated whey 
samples with the storage period. The mean of means of viscosity showed the increase of 
13.83 cP (630.17 to 644.0 cP) for 38 % concentrated whey during storage of 60 days 
irrespective of storage temperatures, while the increase in 48 % concentrated whey was less 
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12.84 cP (651.33 to 664.17 cP) during the same period of storage. Considering the 
temperature of storage an increase of 13.67 cP in viscosity was observed in 38% 
concentrated and 11.34  cP increase in 48% concentrated whey at 4 °C, hence at -20 °C, the 
more increase 14.34 (651.33 to 665.67 cP) was observed in 48 % concentrated whey during 
storage than 14 (630.00 to 644.00 cP) in 38% concentrated whey. 
The results for viscosity are in support with the work of Soliman et al. (2010) who studied 
the denaturation and viscosity of whey protein solutions of different protein concentrations 
during frozen storage and reported that after one month of frozen storage the viscosity of 
whey concentrate increased as compared to fresh solutions. The apparent viscosities of whey 
protein concentrate solutions were increased with increase in the whey protein contents and 
increase in the viscosity of whey protein concentrate solutions correspond with the degree of 
denaturation of protein. Kresic et al. (2008) documented that thickening of concentrate was 
due to denaturation of whey protein. At any one temperature (less than 50°C) the viscosity of 
concentrate on holding has been found to decrease to a minimum and then increase. The later 
increase in viscosity may be due to aggregation of protein. Similar results by Meza et al. 
(2010) provide strength in this regard. 
Results are also in close relationship with Rattray and Jelen, (1995) who determined the 
effect of time and pH on the apparent viscosity of whey protein concentrate. They found that 
the alterations in apparent viscosity were related to acid stimulated protein denaturation. α-
lactalbumin is denature at pH 3.5 or lower, due to calcium separation from the protein 
however it is not undergo extensive denaturation at ambient temperature and acidic pH. Heat 
treatments make proteins more prone to further denaturation by acid. During denaturation 
unfolding of globular proteins resulted in swelling, an increase in the hydrodynamic radii of 
protein molecules and greater molecular inter entanglements, all of these increased apparent 
viscosity.  
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Table. 4.3.12a Mean square for Viscosity (cP) of whey concentrate 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
Concentration (C) 
S x T 
S x C 
T x C 
S x T x C 
Error 
Total 
4 
 1 
 1 
 4 
 4 
 1 
 4 
40 
59 
  1492.90 
    56.07 
  6365.40 
    31.77 
    11.10 
     0.00 
    29.83 
   678.67 
  8665.73 
  373.23 
   56.07 
 6365.40 
    7.94 
    2.78 
    0.00 
    7.46 
   16.97 
22.00** 
  3.30NS 
375.17**  
  0.47NS 
  0.16NS 
  0.00NS 
  0.44NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
Table. 4.3.12b. Effect of storage temperature and time on the Viscosity (cP) of whey 
concentrates 
Storage Temperature Storage mean 
4°C -20°C 
0 640.83 ± 4.89 640.67 ± 5.44 640.75 ± 3.49C 
15 642.67 ± 4.87 644.33 ± 5.32 643.50 ± 3.45C 
30 646.33 ± 5.23 650.67 ± 4.49 648.50 ± 3.35B 
45 650.67 ± 4.39 653.00 ± 4.53 651.83 ± 3.03AB 
60 653.33 ± 4.22 654.83 ± 5.05 654.08 ± 3.14A 
Tmp. Mean 646.77 ± 2.15A 648.70 ± 2.30A    
 
Table. 4.3.12c. Effect of storage temperature and concentration on the Viscosity (cP) of whey 
concentrates  
Conc. Temperature Concentration mean 
4°C -20°C 
38 636.47 ± 1.59 638.40 ± 1.61 637.43 ± 1.13B 
48 657.07 ± 1.21 659.00 ± 2.03 658.03 ± 1.17A 
 
Table. 4.3.12d. Effect of concentration, storage temperature and time on the Viscosity (cP) of 
whey concentrates  
Conc. x 
Storage 
Temperature Conc. x Storage mean 
4°C -20°C 
Conc.38:   0 630.33 ± 2.91 630.00 ± 1.00 630.17 ± 1.38 
15 632.00 ± 2.00 633.00 ± 1.73 632.50 ± 1.20 
30 635.00 ± 2.52 642.00 ± 1.00 638.50 ± 1.98 
45 641.00 ± 0.58 643.00 ± 1.15 642.00 ± 0.73 
60 644.00 ± 1.15 644.00 ± 1.15 644.00 ± 0.73 
Conc.48:   0 651.33 ± 0.88 651.33 ± 5.78 651.33 ± 2.62 
15 653.33 ± 0.88 655.67 ± 3.18 654.50 ± 1.57 
30 657.67 ± 1.33 659.33 ± 4.98 658.50 ± 2.33 
45 660.33 ± 1.67 663.00 ± 1.15 661.67 ± 1.09 
60 662.67 ± 0.67 665.67 ± 2.96 664.17 ± 1.51 
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small 
letters represent comparison among interaction means and capital letters are used for overall mean. 
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4.3.13 SDS-PAGE of Concentration whey 
The SDS-PAGE pattern of concentrated whey (CW) on 12.5 % gel obtained from the 
production of buffalo cheddar cheese (Fig. 4.3.13a and Fig. 4.3.13b) showed two major 
bands attributable to principle whey proteins β-Lg, α-La and two minor bands of BSA and Ig 
(Lane Raw). The extreme left lane showed the marker. The SDS-electrophoretic profile of 
CW (48 % and 38 %) contains an additional band attributed to either covalently bonded 
dimmers of β-Lg or dimmers of α-La and β-Lg or both in the form of aggregate as shown in 
the lane of 30th day of storage at -20 °C which remained consistent till the end of storage. 
The intensity of dimmer was higher at freezing temperature (lane -20 °C) than at refrigeration 
temperature (4 °C). When the concentrated whey at 38 % total solid was compared with the 
48 % total solids, the more degradation was observed in β-Lg and α-La bands in the 48 % 
concentrated whey (CW) than 38 %. Similarly the intensity of dimmer is also greater in the 
case of 48 % CW.  A very thin band showing the lesser intensity was also visible in CW near 
to the 6 kDa band of the maker, which was assigned as the caseino macro peptide (CMP).  
A study conducted on reconstituted whey powder when exposed to different temperature(75, 
85 and 90 °C for 20 min) by Jovanovic et al. (2007) revealed that during SDS-PAGE 
analysis 5-7 bands appeared at 71 kDa and 141 kDa which were considered as the complexes 
between k-casein, β-Lg and α-La. The SDS pattern of 90 °C/20 min showed the decrease of 
β-Lg, α-La and soluble aggregates. The similar results were also reported by Fetahagic et al. 
(2002). 
Gelation is an important functional property of whey protein. Their ability to form heat-
induced gels and provide appropriate texture is determined by its molecular structure 
(primary, secondary, tertiary and quaternary), interactions with other components (salts, 
acids, urea) and processing conditions (pH, ionic strength, heating temperature, heating rate 
and cooling). Brncic et al., (2011) observed that whey protein gels were affected by pH. The 
gels prepared at pH 3 showed higher hardness than the gels at pH 7. 
Havea et al., (2002) studied the denaturation effect of heating on acid and cheese whey 
protein concentrate (WPC) through SDS-PAGE. They observed that the loss of protein from 
SDS-monomer solutions, cheese WPC was faster than WPC acid solutions. The 
accumulation of high molecular weight material at the top of the stacking and resolving gels 
was most prominent in acidic solutions than in WPC solutions cheese WPC. Some weak 
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bands in the region between BSA and β-lactoglobulin appeared to increase in intensity with 
heating time. The heated samples beyond 4 min showed several different week bands, which 
were probably protein intermediate species (eg, beta-lactoglobulin dimers, trimers) formed 
during the heating. However, these bands were not observed in the SDS gel of the hot cheese 
WPC solutions. WPC was considerably high, had an insignificant effect on the performance 
of heat-induced aggregation of the product.  
4.3.14 HPLC analysis of concentrated whey  
 The RP-HPLC profile of whey proteins is shown by the individual distribution in the Figures 
4.3.14a and b. the graphical presentation of whey proteins showed the significant (p < 0.01) 
impact of different factors on different whey proteins. It is obvious from the results that 
concentration of α-La in 38 % concentrated whey decreased from 801ppm to 355ppm at -
20°C (54 % reduction). Similar reduction (54 %) in α-La was also observed at 4 °C, as the 
value decreased from 801 ppm to 370 ppm. It is concluded that there was no impact of 
storage temperature on the α-La fraction of whey proteins during storage of two months.  
The concentration of β-Lg in concentrated whey at zero days at both temperatures of storage 
was 2800 ppm which reduced (61 %) to 1083 ppm in case of -20 °C and (66.5 %) 936 ppm at 
4 °C during the whole period of storage. The content of BSA in fresh concentrated whey was 
recorded as 54ppm, which increases to 60 ppm at -20 °C and decreased to 50 ppm at 4 °C. 
The CMP of concentrated whey increased from 283 to 296 ppm in samples stored at -20 °C. 
The CMP increased from 283 to 467 ppm in concentrated whey when stored at 4 °C.  
The concentrated whey samples of 48 % total solids were also stored at two temperatures (-
20 °C and 4 °C) similar to the 38 % concentrated whey in plastic jars.  The results 
represented the reduction (84 %) in α-Lb from 1220 ppm to 194 ppm for -20 °C and 1220 to 
228 ppm for 4 °C (81 %). 
In the case of β-Lg, it reduced (66.4 %) from 3037 to 1019 ppm at -20 °C and at 4 °C; it 
reduces (64 %) to 1102 ppm after storage of 60 days. The concentration of BSA in the 48 % 
concentrated whey was 81ppm in the fresh samples which reduces (36 %) to 45 ppm in those 
samples which were stored at -20 °C, however it reduces (58 %) to 34 ppm when stored at 4 
°C. 
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Figure 4.3.13a. SDS-PAGE of concentrated whey (38%).  Lane 1 contains the standard 
and lane 2 liquid whey. The other slots show the SDS pattern of CW during storage (0, 
15, 30, 45 and 60 days) at -20°C and 4°C temperatures during storage 
 
Figure 4.3.13b. SDS-PAGE of concentrated whey (48%).  Lane 1 contains the standard 
and lane 2 liquid whey. The other slots show the SDS pattern of CW during storage (0, 
15, 30, 45 and 60 days) at -20°C and 4°C temperatures during storage. 
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The concentration of CMP in the concentrated whey was 261 ppm at zero day and it 
decreases (55 %) to 118 ppm and 167 ppm when the concentrated (36 %) whey samples were 
stored at -20 °C and 4 °C respectively. The graphical presentation of data in Figure 4.3.13b 
shows almost more degradation in α-Lb, β-Lg, BSA and CMP at -20 °C than at 4 °C.  
It has been observed by previous studies (Moatsou et al., 2002) that mild  heat treatments (63 
°C for 20 min) to β-Lg modified the structure and covalent binding with lactose residue. 
They also found the β-Lg exist in monomer at pH below 3.5 in 0.1 % TFA. They further 
added that ovine CMP consisted of two poorly resolved peaks and the shape of the CMP 
peaks did not change during manufacture. While in the present study of buffalo whey protein, 
the no of peaks was more than two and their concentration either decreased or increased 
during processing. Elgar et al. (2000) reported that denaturation of whey proteind depend 
upon the concentration, intensity of heating and concentration of calcium ions. 
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Figure 4.3.14a: Effect of total solids (38% and 48%), storage temperature (4 and -20C) 
and storage period from 0 to 60 days on the concentration of α-Lb, β-Lg, BSA and CMP 
of concentrated whey 
Figure 4.3.14b: Effect of total solids (38% and 48%), storage temperature (4 and -20C) 
on the concentration of α-Lb, β-Lg, BSA and CMP of concentrated whey 
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4.4 Physicochemical analysis of whey powder 
For the transformation of whey into whey powder spray driers are mostly used for this 
purpose; hence a certain amount of aroma is inevitably lost during drying (Pisecky, 2005). 
During spray drying, the liquid material is atomized and contacted with hot gas 
(Anandharamakrishnan et al., 2008) which converted it into powder.  
Spray drying is a very quick method and requires very little time which did not allow the 
lactose to crystallize and dries it as a hygroscopic powder, which is very sticky under humid 
environment. This problem was reduced by changing the lactose as much as possible in the 
form of α-monohydrate which is nonhygroscopic (Walzem et al., 2002; USDEC, 2003).  
Spray drying factors which affects functionality include: feed solids content, atomization and 
air temperatures. For producing quality whey powder feeding rate was most important 
parameter to control.  Accelerated feeding rate produced sticky and poor texture powder 
while low feeding rate was responsible for burning of the product. Speed of the atomizer 
controlled the particle size, higher the speed finer was be the particle size and low solubility. 
When the speed was very low, powder became sticky to the wall of spray dryer. Degree of 
heat denaturation depends upon the extent of heat applied; hence the control of inlet and 
outlet temperature was significant tool to control the denaturation (Pisecky, 2005).  
4.4.1 Moisture (%) of whey powder  
Moisture content profiles predict the quality and storage ability of dairy powders (Petal et al., 
2005). The moisture content usually has a significant effect on powder flowability. 
Increasing moisture content leads to reduced flowability due to the increase in liquid bridges 
and capillary forces acting between the powder particles. In addition it may also leads to a 
swear flowability problems due to powder caking (Roos, 2002). 
The analysis of variance of the results of moisture content in whey powders are shown in 
Table 4.4.1a while the mean values for moisture of both treatments (WP160 and WP180) of 
whey powders are presented in Table 4.4b. Statistical analysis revealed that treatments and 
storage had highly significant (p < 0.01) effect on the moisture content of whey powders, 
while the interaction of treatments and storage showed no significant (p > 0.05) effect on 
moisture content of whey powders (Table 4.4.1a).   
Mean values of moisture content of whey powder (Table 4.2.1b) revealed that there was a 
progressive increase in moisture content in powder samples throughout the storage period. 
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The mean of means of whey powder samples presented in Table (4.1) indicated the highest 
moisture content (4.98±0.072 %) in WP160 and lower in WP180 (4.40±0.188 %). Similarly the 
means of the storage days indicate that the moisture content increase (1.12 %) from 
4.11±0.102 - 5.23±0.050 % during whole period of storage, hence no significant increase was 
noticed from 90th day of storage to 150th day of storage. After 150th day of storage a slight 
but significant rise in moisture content was noticed up to 180 day of storage. The increase in 
moisture of whey powder dried at 160°C (WP160) was 1% (4.34±0.003 - 5.34±0.012%) and at 
180°C (WP180) was 1.24 % (3.88±0.010 - 5.12±0.010 %), during storage of 180 days.   
The moisture content was reported by few of the researchers was lower than in the present 
findings. For example, Knegt and Van Den Brink (1998) reported moisture content of 2.32 % 
while, Keogh et al. (2003) reported a bit higher moisture content (2.79 %) for spray-dried 
milk. The mean value was within the range of products dried by the spray. Osorio et al., 2014 
found that the moisture content of the powder fall within the rage of 1.69-2.14 %. They also 
found that the moisture content decreased when the temperature of the process was higher 
(210 °C). However, the moisture content did not present high difference between 170 and 
210 °C. 
In the present finding, the moisture of powder processed at 160 °C was higher than at 180 °C, 
which could be due to an increase in the release of water molecules from whey droplet at 
higher temperature. The higher moisture content could be due to the higher humidity level 
and temperature during the production of whey powder in the month of August in Pakistan. 
The other reason is that the lactic acid is very hygroscopic and thermoplastic and thus very 
difficult to dry, which could be the reason of higher moisture content (Pisecky, 2005).  
4.4.2 pH of whey powder  
The pH of powder affected the solubility of calcium since the amount of calcium retained in 
powder depends upon the pH and hence indirectly influence the texture (Fox et al., 2000; 
McSweeney, 2007). pH of the powder also influenced the functional propertied of the 
powder and the food in which it is used. The browning intensity increased with increase in 
pH and maximum browning was found at pH 10 (Ashoor and Zent, 1984).  
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4.4.1a Mean square for moisture (%) of whey powder  
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
8.9224 
 3.5090 
 2.1715 
 5.9532 
20.5562 
1.48707 
3.50904 
0.36192 
0.21261 
  6.99** 
 16.50** 
  1.70NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
4.4.1b Effect of temperature and storage on moisture (%) of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 4.34 ± 0.003 3.88 ± 0.010 4.11 ± 0.102CD 
30 4.75 ± 0.012 3.14 ± 0.995 3.95 ± 0.572D 
60 4.92 ± 0.012 4.37 ± 0.012 4.65 ± 0.123BC 
90 5.14 ± 0.007 4.45 ± 0.019 4.80 ± 0.155AB 
120 5.19 ± 0.006 4.82 ± 0.012 5.01 ± 0.083AB 
150 5.20 ± 0.006 5.05 ± 0.029 5.13 ± 0.036AB 
180 5.34 ± 0.012 5.12 ± 0.010 5.23 ± 0.050A 
Mean 4.98 ± 0.072A 4.40 ± 0.188B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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The analysis of variance of the data regarding the pH of whey powder processed at 160 °C 
(WP160) and 180 °C (WP180) is shown in Table 4.4.2a while the mean values for pH of both 
treatments of whey powders are presented in Table 4.3.2b. Statistical analysis revealed that 
treatments, storage and their interaction of treatment and storage had highly significant (p < 
0.01) effect on the pH of whey powders. 
The results (mean values) regarding the effect of treatment and storage period on the pH of 
whey powders (Table 4.4.2b) showed a progressive decrease in pH of whey powder samples 
throughout the storage period. The mean of means of whey powder samples indicate the 
higher pH value (5.47±0.015) in WP160 and lower in WP180 (5.38±0.003). Similarly the 
means of the storage days indicated the decreased in pH from 5.49±0.042-5.39±0.005 during 
whole period of storage.  
The interaction between processing temperatures of whey powders and storage days revealed 
the decrease in pH value for WP 160 °C from (5.58±0.006 to 5.40±0.000) and for WP180 
from (5.39±0.003 to 5.37±0.009).  These results showed that the higher decrease (0.18) in pH 
for WP160 and lower (0.02) in WP180 during the 180 °C days of storage period. It is obvious 
from the results of WP180, that no significant change was noticed during the whole period of 
storage except on the 120th day of storage, while in the WP160; a very slow drop in pH was 
noticed.  
In a study the influence of pH and concentration of protein in the whey protein (WP) 
examined denaturation during heating at 140 °C. The denaturation followed β-Lg reaction 
kinetics of the first order and dependent protein concentration being at least 10 %. However, 
the lowest rate of denaturation at acid pH was observed, suggesting a greater stability at pH 
4, which was confirmed by significantly increased solubility and low haze as well as the 
main electrophoretic patterns WP. The results of the differential scanning calorimeter tests 
revealed the concentration dependence of WP denaturation. Such information may be useful 
for defining conditions (pH, protein concentration, temperature) required to produce the 
whey protein microparticles with improved functional characteristics (Dissanayake, 2013). 
Codex (1995) reported> pH 5.1 for the powder, sweet whey, which is in accordance with this 
finding, but the pH decreases with the increase in the duration of storage. Dissanayake (2013) 
observed the behavior of whey protein in a wide range of pH (4-6) and reported that the gel 
formed at pH 4 were less elastic than those formed at 5-6. 
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4.4.2a Mean square for pH of whey powder 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
0.05113 
0.08061 
0.03876 
0.00487 
0.17536 
0.00852 
0.08061 
0.00646 
0.00017 
49.03** 
463.78** 
 37.16** 
** = Highly significant (P<0.01) 
 
4.4.2b Effect of temperature and storage on pH of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 5.58 ± 0.006a 5.39 ± 0.003ef 5.49 ± 0.042A 
30 5.54 ± 0.010b 5.39 ± 0.000ef 5.47 ± 0.034B 
60 5.49 ± 0.012c 5.38 ± 0.013ef 5.44 ± 0.025C 
90 5.47 ± 0.006c 5.38 ± 0.006ef 5.43 ± 0.020C 
120 5.42 ± 0.012d 5.37 ± 0.009f 5.40 ± 0.012D 
150 5.40 ± 0.000de 5.39 ± 0.007ef 5.39 ± 0.004D 
180 5.40 ± 0.000de 5.38 ± 0.006ef 5.39 ± 0.005D 
Mean 5.47 ± 0.015A 5.38 ± 0.003B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
Small letters represent comparison among interaction means and capital letters are used for 
overall mean. 
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4.4.3 Acidity (%) of whey powder  
During cheese production, the acidification was carried out by the starter (lactic acid 
bacteria) cultures which converted lactose into lactic acid. The presence of starter 
microorganisms in the whey can lead to rapid production of lactic acid if the whey is not 
cooled down and/or heat treated immediately after draining from the cheese vat. The 
presence of lactic acid negatively affected the final product quality. Drying of whey, 
containing high amounts of lactic acid, is difficult and impart stickiness to the products. 
Neutralization of the lactic acid whey by sodium hydroxide is recommended by the scientists 
(Jelen, 2009). 
The analyses of variance of the results of acidity for whey powders are shown in Table 
4.4.3a. The analysis revealed that treatments, storage period and the interaction of treatment 
and storage period had highly significant (p<0.01) effect on the acidity of whey powders.   
The data obtained from the mean values for acidity of both treatments (WP160 and WP180) of 
whey powders are presented in Table 4.4.3b. Results of the mean of means irrespective of 
treatments (processing temperatures) revealed that there was a progressive increase of 0.20 % 
in acidity in powder samples throughout the storage period (2.30-2.50 %). The increase in 
acidity value in WP160 was 0.24 % (2.24±0.007-2.48±0.009 %) and WP180 was 0.15 % 
(2.36±0.009-2.51±0.006 %). These results showed that the increase in acidity was higher in 
whey powder processed at 160 °C (WP160) than the samples processed at 180 °C during the 
180 days of storage. However, the mean of means of whey powder samples present in Table 
4.4b indicated the higher acidity (2.45±0.012%) in WP180 and lower in WP160 (2.39±0.019 
%).  
The interaction of the storage into treatments showed the highest acidity (2.51±0.006 %) in 
WP180 at 180 day of storage followed by (2.50±0.01 %) at 120 days of storage while the 
lowest acidity (2.24±0.007%) was observed in WP160 at 0 day of ripening followed by 
(2.30±0.009 %) at 30th  days of storage. 
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4.4.3a Mean square for acidity (%) of whey powder 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
0.18686 
0.04339 
0.01206 
0.00380 
0.24611 
0.03114 
0.04339 
0.00201 
0.00014 
229.47** 
319.74** 
 14.81** 
** = Highly significant (P<0.01) 
 
4.4.3b Effect of temperature and storage on acidity (%) of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 2.24 ± 0.007i 2.36 ± 0.009g 2.30 ± 0.027F 
30 2.30 ± 0.009h 2.40 ± 0.006ef 2.35 ± 0.024E 
60 2.38 ± 0.003f 2.44 ± 0.006d 2.41 ± 0.013D 
90 2.41 ± 0.009e 2.49 ± 0.003bc 2.45 ± 0.017C 
120 2.46 ± 0.003d 2.50 ± 0.010ab 2.48 ± 0.011B 
150 2.45 ± 0.003d 2.48 ± 0.006c 2.47 ± 0.007B 
180 2.48 ± 0.009bc 2.51 ± 0.006a 2.50 ± 0.008A 
Mean 2.39 ± 0.019 2.45 ± 0.012    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
Small letters represent comparison among interaction means and capital letters are used for 
overall mean. 
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4.4.4 Fat content (%) of whey powder 
Fat gives the end product or rich flavor and improved food perception including appearance, 
texture, and mouth feel. The fat is a concentrated source of calories and contributes energy 
values of powder products (Potter and Hotchkiss, 1995) 
The statistical analysis of the fat contents of whey powder dried at 160 °C and 180 °C (Table 
4.4.4a) showed the significant influence of (p < 0.05) storage hand temperature (p < 0.01) on 
the fat contents of whey powders and the interaction of temperature and storage showed the 
non-significant (p > 0.05) effect on fat of whey powder.   
Results of mean values of fat content of whey powder are given in Table 4.4.4b which 
revealed that there was a minor decrease in fat content in powder samples throughout the 
storage period. The mean of means indicated that the fat content decrease (0.02 %) from 
4.50±0.012 - 4.48±0.010 % during storage of 180 days. Non-significant decrease in fat 
content of WP160 was from 4.52±0.006 to 4.50±0.006 %) and of WP180 was from 4.47±0.006 
to 4.45±0.010%. 
The mean of means of whey powder samples present in Table 4.4.4b indicated the higher fat 
content (4.51±0.003 %) in WP160 than in WP180 (4.46±0.003 %). The interaction of the 
storage into temperature showed the highest fat content (4.52±0.006 %) in WP160 at 0, 120 
and 150 days of storage. The lowest fat content (4.45±0.010 %) was observed in WP160 at 30 
day of storage. 
There is the great variation in the fat content of whey powder reported by different 
researchers. Mavropoulou and kosikowski (1972) analyzed the different whey powder and 
found that the fat content of whey powder varied from 0.5 to 3.7%. In another survey of six 
different dairy plants, the fat content observed varied from 0.13 to 0.92 % (Alsaed et al., 
2013).  
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4.4.4a Mean square for fat (%) of whey powder 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S)  
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
0.0027000 
0.0242881 
0.0003286 
0.0046667 
0.0319833 
0.0004500 
0.0242881 
0.0000548 
0.0001667 
  2.70* 
145.73** 
  0.33NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
4.4.4b Effect of temperature and storage on fat (%) of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 4.52 ± 0.006 4.47 ± 0.006 4.50 ± 0.012A 
30 4.50 ± 0.010 4.45 ± 0.010 4.48 ± 0.013C 
60 4.51 ± 0.010 4.47 ± 0.006 4.49 ± 0.010ABC 
90 4.51 ± 0.006 4.46 ± 0.006 4.49 ± 0.012ABC 
120 4.52 ± 0.006 4.47 ± 0.010 4.50 ± 0.012AB 
150 4.52 ± 0.010 4.47 ± 0.006 4.50 ± 0.012AB 
180 4.50 ± 0.006 4.46 ± 0.006 4.48 ± 0.010BC 
Mean 4.51 ± 0.003A 4.46 ± 0.003B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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4.4.5 Protein content (%) of whey powder 
Protein contributes to the flavor, body and texture to the finished products. It is also essential 
for the formation of small stable air cell (Webb et al., 1974). The major proteins in whey 
powder are β-lactoglobulin and α-lactoalbumin. Protein content is responsible for variation in 
solubility index as well as the process variation. A high temperature processing deleteriously 
effects the protein denaturation (Early, 1992). 
The analysis of variance results are shown in Table 4.4.5a while the mean values for protein 
of whey powders (WP160 and WP180) are presented in Table 4.4.5b. Statistical analysis 
revealed that temperatures had highly significant effect (p < 0.01) while storage period and 
the interaction of temperatures and storage period had non-significant effect (p > 0.05) on the 
protein content of whey powders (Table 4.4.5a).   
The results (mean values) regarding the protein contents of whey powders are given in Table 
4.4.5b which revealed that the protein content of whey powder remained constant throughout 
the storage period. No significant decrease was observed during storage and the value of 
protein content as it varied from 11.29 to 11.28 %). 
The mean of means of whey powder samples present in Table 4.4.5b indicated that the WP160 
samples contained the higher value of protein content (11.34±0.002 %) than the found in 
WP180 (11.22±0.002 %). The present results are in accordance with the previous finding of 
Mavropoulou and Kosikowski (1972), who estimated the protein content in whey powders 
obtained from different plants and reported that the protein content varied from 8.8 to 13.3 
%. 
 4.4.6 Non protein nitrogen content (%) of whey powder  
The entire dairy products contain protein defined as protein nitrogen (N) + non-protein 
nitrogen (NPN). Non-protein nitrogen is included in the TN and this over estimates the 
protein content. The NPN content of milk represents only 5 to 6 % of the total N in milk 
(DePeters and Ferguson, 1991). The NPN fraction of milk contains those nitrogenous 
compounds soluble in 12% TCA. Urea, the principal constituent of NPN (~50% of NPN),  
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4.4.5a Mean square for protein (%) of whey powder 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
0.00093 
0.15361 
0.00016 
0.00293 
0.15763 
0.00015 
0.15361 
0.00003 
0.00010 
   1.48NS 
1466.27** 
   0.25NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
4.4.5b Effect of temperature and storage on protein (%) of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 11.35 ± 0.010 11.23 ± 0.000 11.29 ± 0.027A 
30 11.34 ± 0.003 11.22 ± 0.003 11.28 ± 0.028A 
60 11.34 ± 0.000 11.22 ± 0.010 11.28 ± 0.027A 
90 11.34 ± 0.003 11.23 ± 0.006 11.29 ± 0.026A 
120 11.34 ± 0.007 11.22 ± 0.010 11.28 ± 0.028A 
150 11.35 ± 0.003 11.23 ± 0.006 11.29 ± 0.028A 
180 11.34 ± 0.000 11.22 ± 0.006 11.28 ± 0.027A 
Mean 11.34 ± 0.002A 11.22 ± 0.002B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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has a very significant effect on the heat stability of milk. The components of NPN other than 
urea are creatine, uric and orotic acids, peptides and ammonia (Dupont et al., 2013). The 
analysis of variance results are shown in Table 4.4.6a while the mean values for NPN of 
WP160 and WP180 whey powders are presented in Table 4.4.6b. Statistical analysis revealed 
that temperatures and storage days had highly significant (p<0.01) effect on the NPN of 
whey powders while the interaction of temperatures and storage period had non-significant 
(P > 0.05) effect.   
Results of mean values of NPN of whey powder given in Table 4.4.6b revealed that there 
was a progressive increase in NPN of whey powder samples throughout the storage period 
which is counted as the 0.14% from zero (1.34±0.015 %) to 180 days (1.48±0.014 %). 
However there was the non-significant increase (0.13 and 0.14% respectively) in NPN value 
of WP160 (1.38±0.003 to1.51±0.009 %) and WP180 (1.31±0.006 to 1.45±0.006 %) during the 
180 days of storage. 
The mean of means of whey powder samples present in Table 4.4.6b indicate the higher NPN 
(1.44±0.010 %) was found in WP160 than WP180 (1.37±0.012 %). The interaction of the 
storage into temperature showed no effect on the NPN. The NPN of powders depends on the 
processing conditions and type of the whey used. NPN was higher than 20 % of total 
nitrogen in various concentrated and dried powders (Walstra et al.,2006). 
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4.4.6a Mean square for NPN (%) of whey powder. 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
0.09458 
0.04469 
0.00136 
0.00333 
0.14396 
0.01576 
 0.04469 
 0.00023 
 0.00012 
132.41** 
 375.38** 
   1.91NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
4.4.6b Effect of temperature and storage on NPN (%) of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 1.38 ± 0.003 1.31 ± 0.006 1.34 ± 0.015A 
30 1.39 ± 0.003 1.31 ± 0.007 1.35 ± 0.020B 
60 1.41 ± 0.003 1.34 ± 0.009 1.38 ± 0.018C 
90 1.43 ± 0.006 1.37 ± 0.006 1.40 ± 0.014D 
120 1.45 ± 0.003 1.40 ± 0.012 1.43 ± 0.013E 
150 1.48 ± 0.006 1.42 ± 0.003 1.45 ± 0.013F 
180 1.51 ± 0.009 1.45 ± 0.006 1.48 ± 0.014F 
Mean 1.44 ± 0.010A 1.37 ± 0.012B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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4.4.7 Lactose content (%) of whey powder 
The principal component of whey solids is lactose, which represents 70 % of the total solids 
(Tamine and Robinson, 1991) Dairy products are among the most sensitive of foods affected 
by non-enzymatic degradation known as Maillard reaction as they contain relatively higher 
concentration of lactose and proteins with high lysine level. Reducing carbohydrates react 
with amino group of lysine of proteins, mainly during heating and storage which lead to 
browning of products (Labuza and tannenbaum, 1972). 
The analysis of variance of lactose content of whey powders is shown in Table 4.4.7a, which 
revealed temperatures of drying, storage periods and the interaction of temperature and 
storage had highly significant (p < 0.01) effect on the lactose content of whey powders. 
The impact of temperatures (160 °C and 180 °C) and storage periods (0, 30, 60, 90, 120, 150 
and 180 days) on the lactose contents (mean values) of whey powder is presented in Table 
4.4.7b. 
The mean of means of lactose contents of whey powder revealed that there was a progressive 
decrease (66.00±0.764 to 59.90±0.986 %) in lactose contents of whey powder samples 
throughout the storage period. The mean of means of both whey powder samples present in 
Table 4.4.7b indicates the relatively higher value of lactose content (64.85±0.410 %) in 
WP160 than WP180 which showed the 60.40±0.595 % of lactose. 
The interactive effect of temperatures and storage days showed that a decrease in lactose 
content was observed in both dried whey samples. The decrease in lactose value was 
observed in WP160 (67.70±0.132 - 62.10±0.050 %) as well as for WP180 (64.30±0.115 %-
56.40±0.115%) during storage. These results showed that the minimum decrease in lactose 
(5.6%) was observed in WP160 during the 180 days of storage while the 7.9% decrease was 
noted in WP180 during the same period of storage. 
The interaction of the storage days into temperatures showed the highest lactose 
(67.70±0.132%) found in WP160 at 0 day of storage followed by WP160 at 30 and 60 days of 
storage while the lowest lactose (56.40±0.115 %) was observed in WP180 at 180 days of 
storage followed by WP180 at 150 and 120 days of storage.  
Goodnaught and Kleyn (1976) reported that the decrease in lactose content during storage 
was due to the production of lactic acid. The decreasing trend of lactose during storage was 
also examined by Siddiq, (2010). 
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4.4.7a Mean square for lactose (%) of whey powder. 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
175.530 
207.259 
 42.579 
  0.977 
426.345 
  29.255 
 207.259 
   7.097 
   0.035 
  838.31** 
 5939.07** 
  203.35** 
** = Highly significant (P<0.01) 
 
4.4.7b Effect of temperature and storage on lactose (%) of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 67.70 ± 0.132a 64.30 ± 0.115d 66.00 ± 0.764A 
30 66.20 ± 0.058b 63.00 ± 0.153e 64.60 ± 0.719B 
60 65.40 ± 0.100c 61.93 ± 0.067f 63.67 ± 0.777C 
90 64.03 ± 0.067d 60.40 ± 0.173g 62.22 ± 0.817D 
120 62.80 ± 0.076e 59.10 ± 0.058h 60.95 ± 0.828E 
150 62.10 ± 0.050f 57.70 ± 0.153i 59.90 ± 0.986F 
180 65.70 ± 0.090c 56.40 ± 0.115j 61.05 ± 2.081E 
Mean 64.85 ± 0.410A 60.40 ± 0.595B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
Small letters represent comparison among interaction means and capital letters are used for 
overall mean. 
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4.4.8 Ash content (%) of whey powder  
Ash content represents inorganic matter in the product. The ash content obtained is not 
necessarily account for exactly the same composition as the mineral matter present in the 
original food. Ash in dairy is a significant source of many minerals (Renner, 1993). 
The statistical analysis of results of ash content is shown in Table 4.4.8a. The results revealed 
that the ash content of whey powders are significantly effected (p < 0.01) by the storage 
period, while the temperatures and the interaction of temperatures with the storage period had 
no effect (p > 0.05) on the ash of whey powders.  
The mean values for ash content of whey powders processed at 160 °C and 180 °C and stored 
from 0 to 180 days are presented in Table 4.4.8b. Results of mean values of ash content of 
whey powder are given in Table 4.4.8b. It is obvious from the results that a very minute 
decrease was observed up to 120 days after which the ash content remained consistent up to 
180 days; however the ash content of whey powder varied from 7.91±0.022 % to 7.80±0.017 
% during storage. The ash content increase from 0 to 120 days, but afterwards no significant 
change was noticed up to 180 days. 
The mean of means of ash content of whey powder samples present in Table 4.4.8b indicated 
WP160 and WP180 had the same ash content (7.84±0.011 %). The interaction of the storage 
into treatments showed no effect on the ash content of whey powder.  
4.4.9 Calcium (Ca) content (%) of whey powder  
Calcium plays many important roles in the human body. Dairy products are an excellent 
source of dietary calcium. Milk and dairy products are considered inherently an excellent 
source of calcium (Vyas and Tong 2004). The Ca content of whey depends on the rate of 
acidification in the manufacture of cheese (Fox and McSweeney, 2000). Calcium is the most 
abundant in the body and has an exchangeable cation pool of calcium ions; maintaining 
skeletal integrity, strength and structure and also plays an important role in cellular 
metabolism, blood coagulation, and activation of the enzyme (Tmmim, 2009). 
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4.4.8a Mean square for ash (%) of whey powder 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
0.04561 
0.00040 
0.00788 
0.03860 
0.09250 
0.00760 
0.00040 
0.00131 
0.00138 
5.51** 
0.29NS 
0.95NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
4.4.8b Effect of temperature and storage on ash (%) of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 7.91 ± 0.035 7.91 ± 0.035 7.91 ± 0.022A 
30 7.79 ± 0.012 7.81 ± 0.035 7.80 ± 0.017C 
60 7.87 ± 0.006 7.83 ± 0.018 7.85 ± 0.013B 
90 7.83 ± 0.012 7.86 ± 0.012 7.85 ± 0.009B 
120 7.82 ± 0.012 7.85 ± 0.017 7.83 ± 0.012BC 
150 7.80 ± 0.012 7.83 ± 0.027 7.81 ± 0.015BC 
180 7.85 ± 0.023 7.82 ± 0.009 7.84 ± 0.012BC 
Mean 7.84 ± 0.011A 7.84 ± 0.010A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Calcium levels were observed in products such as milk products to have a major effect on 
their functional properties (Cox and Miller, 2002). The effect of calcium ions on the heat-
induced gelation of recombined dairy powders depends on the extent of preheating treatment. 
The results regarding the analysis of variance for the calcium content of whey powders are 
shown in Table 4.4.9a while the mean values for Ca of both treatments (WP160 and WP180) 
are presented in Table 4.4.9b. Statistical analysis revealed that temperatures had highly 
significant effect (p < 0.01) while storage and the interaction of temperature and storage had 
non-significant effect (p > 0.05) on the Ca of whey powders.  
Results of mean values of Ca content of whey powder are given in Table 4.4.9b which 
revealed that the Ca content remains almost the same in powder samples throughout the 
storage period. 
 The mean of means of whey powder samples present in Table 4.4.9b indicated the higher Ca 
content (0.651±0.000 %) was found in WP160 than WP180 (0.640±0.000 %). The interaction 
of the storage into temperatures also showed no effect on the calcium content of whey 
powders. 
4.4.10 Potassium (K) content (%) of whey powder 
The analysis of variance results are shown in Table (4.4.10a) while the mean values for K of 
both treatments (WP160 and WP180) of whey powders are presented in Table (4.4.10b). 
Statistical analysis revealed that only storage days had significant (p < 0.05) effect on the K 
content of whey powders while the temperature and interaction of temperature and storage 
period had non-significant (P > 0.05) effect.  
Results of mean values of K of whey powder are given in Table (4.4.10b) which revealed 
that there was a minor decrease in K in whey powder samples throughout the storage period. 
Similarly the means of the storage days indicate that the K decreased from (1.63±0.020-
1.62±0.020 %) during whole period of storage. It is also observed from the results that the K 
content decrease from 1.63% to 1.62% up to 90 day of storage after which it remained stable 
up to 180 days of storage.   
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4.4.9a Mean square for calcium (%) of whey powder 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage (S)  
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
0.00000524 
0.00106000 
0.00001181 
0.00003200 
0.00110910 
0.00000087 
0.00106000 
0.00000197 
0.00000114 
  0.76NS 
927.52** 
  1.72NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
4.4.9b Effect of temperature and storage on calcium (%) of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 0.650 ± 0.000 0.640 ± 0.000 0.645 ± 0.002A 
30 0.651 ± 0.001 0.639 ± 0.001 0.645 ± 0.003A 
60 0.650 ± 0.000 0.641 ± 0.001 0.646 ± 0.002A 
90 0.651 ± 0.001 0.641 ± 0.001 0.646 ± 0.002A 
120 0.650 ± 0.000 0.639 ± 0.001 0.645 ± 0.003A 
150 0.650 ± 0.000 0.641 ± 0.001 0.645 ± 0.002A 
180 0.650 ± 0.000 0.641 ± 0.001 0.645 ± 0.002A 
Mean 0.651 ± 0.000A 0.640 ± 0.000B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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 The mean of means of whey powder samples present in Table (4.4.10b) indicated the K 
content found in WP160 and WP180 was 1.66±0.001 and 1.58±0.001 % respectively. The 
interaction of the storage into temperatures showed no influence on the K content of whey 
powders. Potassium content in dry sweet and acid whey as reported by Glass and Hedrick 
(1976) was 1460-2520 and 1600-2240 mg/100 g. 
4.4.11 Foaming capacity (%) of whey powder 
Foaming capacity (FC) is a valuable functional property for sweet whey powder due to its 
application in certain foods as a foaming agent. Foaming capacity varied between 10 and 
220% (Tammim, 2007).  
The capacity of the foam is due to the presence of sulfhydryl groups in β-lactoglobulin that 
develop in the water-air interface. The foaming properties of different proteins vary largely 
due to wide variations in molecular level properties as well as the state of denaturation. The 
active role of these molecular properties in foaming and stability is well documented (Phillip 
et al,. 1987). They concluded that the FC and foam stability (FS) in sweet whey powder 
depends on the concentration and nature of the protein. 
The results of statistical analysis are shown in Table 4.4.11a while the mean values for FC of 
both treatments (WP160 and WP180) of whey powders are presented in Table 4.4.11b. The 
analysis of variance revealed that temperature, storage and the interaction of temperature and 
storage had highly significant (p < 0.01) effect on the FC of whey powders (Table 4.4.11a).   
Results regarding the mean values of FC of whey powder are given in Table 4.4.10b which 
revealed that there was very low but progressive decrease in FC in powder samples 
throughout the storage period. It is obvious from the results that mean of means of the 
storage days indicate that the FC decreased from 60.64±2.174 to 56.24±2.327 % during 
whole period of storage irrespective of the treatment of whey powders. The mean of means 
of whey powder samples indicated the highest FC value (63.64±0.326 %) was found in 
WP160 and WP180 (53.69±0.336 %). The interactive effect of temperatures and storage periods 
showed that the decrease in FC value was from 65.50±0.115 % to 61.44±0.139 % in WP160 
samples and from 55.78±0.049 to 51.04±0.081 % in case of WP180 during storage of 180   
 
 
  
 
129 
4.4.10a Mean square for potassium (%) of whey powder 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
0.00090 
0.08237 
0.00013 
0.00050 
0.08390 
0.00015 
0.08237 
0.00002 
0.00002 
   8.40NS 
4612.80** 
   1.20NS 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
4.4.10b Effect of temperature and storage on potassium (%) of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 1.67 ± 0.003 1.58 ± 0.003 1.63 ± 0.020A 
30 1.67 ± 0.002 1.58 ± 0.001 1.63 ± 0.020A 
60 1.67 ± 0.000 1.58 ± 0.000 1.63 ± 0.020A 
90 1.66 ± 0.002 1.58 ± 0.001 1.62 ± 0.018B 
120 1.66 ± 0.002 1.57 ± 0.002 1.62 ± 0.020C 
150 1.66 ± 0.003 1.57 ± 0.002 1.62 ± 0.020C 
180 1.66 ± 0.002 1.57 ± 0.006 1.62 ± 0.020C 
Mean 1.66 ± 0.001A 1.58 ± 0.001B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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days. It is calculated that the total decrease observed was 4.06% and 4.74 % in WP160 and 
WP180 during whole period of storage. The results concerning the interaction of the storage 
into temperature also showed the highest FC (65.50±0.115 %) value in WP160 at 0 day of 
storage followed by WP160 at 30 and 60 days of storage while the lowest FC (51.04±0.081) 
value was observed in WP180 at 180 day of storage followed by WP180 at 120
th and 150th days 
of storage. 
The effect of heat treatment on whey protein has been widely studied.  It has been found that 
the heating to 70 °C induced modifications in protein related with unfolding and exposure of 
active sites. These modifications increased the possibility of flocculation and coalescence and 
affect negatively the foaming properties (Bernard et al., 2011). The temperature effect can be 
overcome through the use of surfactants, which can interact with active sites avoiding 
droplets flocculation and coalescence (Osorio, 2014). 
4.4.12 Foam stability (mL) of whey powder 
Soluble peptides, proteins and sugars have a major role in the ability of the shape and 
stability. Protein concentrate and sweet powder whey have high lactose content in soluble 
and insoluble forms. The amount of soluble lactose alters viscosity of the aqueous phase 
which in turn can influence the stability of the foam. Furthermore, the foaming character of 
the proteins depends on complex sweet whey powder balance many intrinsic factors such as 
surface hydrophobicity, loading frequency and non-covalent interactions (Phillips et al., 
1987). 
Statistical analysis of the data concerning the foam stability of sweet whey powder processed 
at 160° and 180°C is shown in Table 4.4.12a while the mean values for FS of both treatments 
(WP160 and WP180) of whey powders are presented in Table 4.4.12b. The analysis of variance 
revealed that temperatures, storage days and the interaction of temperature and storage 
periods had significant (p < 0.01) effect on the FS of both whey powders (Table 4.4.12a) 
during storage.   
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4.4.11a Mean square for foaming capacity (%) of whey powder 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
   88.94 
 1040.42 
    2.37 
    0.63 
 1132.36 
  14.82 
1040.42 
   0.39 
   0.02 
659.47** 
46285.10** 
  17.57** 
** = Highly significant (P<0.01) 
 
4.4.11b Effect of temperature and storage on foaming capacity (%) of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 65.50 ± 0.115a 55.78 ± 0.049g 60.64 ± 2.174A 
30 65.02 ± 0.012b 55.12 ± 0.120h 60.07 ± 2.214B 
60 64.89 ± 0.052b 54.59 ± 0.052i 59.74 ± 2.303C 
90 63.67 ± 0.051c 53.02 ± 0.069k 58.35 ± 2.382D 
120 62.94 ± 0.023d 53.56 ± 0.150j 58.25 ± 2.099D 
150 62.05 ± 0.029e 52.72 ± 0.110l 57.39 ± 2.087E 
180 61.44 ± 0.139f 51.04 ± 0.081m 56.24 ± 2.327F 
Mean 63.64 ± 0.326A 53.69 ± 0.336B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
Small letters represent comparison among interaction means and capital letters are used for 
overall mean. 
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The data regarding the influence of temperatures and storage periods on the mean values of 
FS of whey powder is given in Table 4.4.12b, which revealed that there was a progressive 
but slight decrease in FS value of powder samples throughout the storage period. The mean 
of means of the storage days indicated that the FS decreased from 1.30±0.063 to 0.84±0.090 
mL during whole period of storage irrespective of treatments. 
It is obvious from the results that FS value decreased (0.4) from 1.44±0.006 to 1.04±0.006 
mL in WP160, while in the case of WP180 a decrease (0.52) from 1.16±0.010 to 0.64±0.0061 
mLwas noted at the end of storage period.  The mean of means of whey powder samples 
indicated the 1.23±0.028 FS value in WP160 and 0.90±0.0061 in WP180. The interaction of 
the storage into treatments showed the highest FS value (1.44±0.006 mL) in WP160 at 0 day 
of storage followed by at 30 and 60 days of storage while the lowest FS (0.64±0.0061) was 
observed in WP180 at 180th day of storage followed by at 120 and 150th days of storage. 
It has been reported that the ability of whey to form and stabilize foams was due mainly to 
the relationship between monomeric and polymeric species. The monomeric form contribute 
to the foaming capacity, and the polymeric forms contributed to foam stabilization 
(Damodaran, 1997) 
It was found by Osorio et al., (2014) that foaming stability was attained when the spray 
drying was performed at 210°C with surfactant of 1.50 g/100 g concentration. This resulted 
in foaming capacity of 3.80 mL, moisture content of 1.82 g/100 g and apparent density of 
0.181 g/cm³. 
According to Yoshii et al., (2008) the addition of some surfactant prevent direct contact of 
protein during protein spray drying due to protection of  protein from thermal damage. 
Bernard et al. (2011) observed that heating of whey proteins higher than 70 °C induced 
unfolding of the whey protein molecules, exposing their reactive sites and increasing the 
foam stabilization. Ayadi et al., (2008) studied that the flow rate influenced the foaming 
capacity along with temperature. The foaming capacity was higher at a lower flow rate (0.2 
L/h) than higher flow rate (0.3 L/h), but a higher temperature reduced the foaming capacity 
from 2.7 mL/mL at 120 °C to 2.3 mL/mL at 125°C. They concluded that the foaming  
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4.4.12a Mean square for foam stability of whey powder 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
0.85161 
1.15337 
0.01573 
0.00520 
2.02591 
0.14194 
1.15337 
0.00262 
0.00019 
764.27** 
6210.46** 
  14.12** 
** = Highly significant (P<0.01) 
 
4.4.12b Effect of temperature and storage on foam stability of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 1.44 ± 0.006a 1.16 ± 0.010e 1.30 ± 0.063A 
30 1.32 ± 0.012b 1.02 ± 0.012g 1.17 ± 0.067B 
60 1.29 ± 0.006c 0.99 ± 0.006h 1.14 ± 0.067C 
90 1.20 ± 0.006d 0.87 ± 0.006i 1.04 ± 0.074D 
120 1.18 ± 0.010de 0.82 ± 0.012j 1.00 ± 0.081E 
150 1.12 ± 0.000f 0.77 ± 0.006k 0.95 ± 0.078F 
180 1.04 ± 0.006g 0.64 ± 0.006l 0.84 ± 0.090G 
Mean 1.23 ± 0.028A 0.90 ± 0.036B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
Small letters represent comparison among interaction means and capital letters are used for 
overall mean. 
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capacity can be improved by partial protein unfolding, which enhanced the protein chain 
flexibility as long as aggregates were not formed. 
4.4.13 Turbidity (%) of whey powder 
Turbidity is a measure of protein-protein association and aggregation (Ju and Kilara, 1998) as 
well as lipid dispersion. Overall, turbidity is a function of protein concentration and protein 
solubility. The turbidity test is used as a method to determine the degree of protein solubility 
in aqueous dispersions. The turbidity of protein dispersion is generally attributed to its 
insoluble, denatured protein and protein aggregates. 
The analysis of variance of turbidity of whey powders processed at 160 °C and 180 °C 
results are shown in Table 4.4.13a while the mean values for turbidity of both treatments 
(WP160 and WP180) of whey powders are presented in Table 4.4.13b. Statistical analysis 
revealed that temperatures, storage periods and the interaction of temperature and storage 
period had highly significant (p<0.01) effect on the turbidity of whey powders.   
Table 4.4.13b represents the impact of temperatures (heating) and storage periods on the 
turbidity of whey powders (WP160 and WP180). The mean of means of turbidity of whey 
powders presented in the Table revealed that there was a progressive increase in turbidity of 
powder samples throughout the storage period. The increase in turbidity was recorded from 
54.67±0.055% to 63.61±0.049 in WP160 and from 65.55±0.103% to 75.95±0.029% in WP180 
during the whole period of storage. These results showed that there was 8.94% and 10.4% 
increase in turbidity of WP160 and WP180.  
The mean of means of whey powder samples present in Table 4.4.12b indicated that the 
higher turbidity value (70.16±0.776 %) was found in WP160 and WP180 (59.38±0.720 %). 
Similarly the means of the storage days indicate that the turbidity increased from 
60.11±2.435 to 69.78±2.760 % during whole period of storage. 
The interaction of the storage into temperatures showed the highest turbidity (75.95±0.029 
%) in WP180 at 180th day of storage followed by WP180 at 120 and 150 days of storage while 
the lowest turbidity (54.67±0.055 %) was observed in WP160 at 0 day of storage followed by 
30 and 60th day of storage. 
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4.4.13a Mean square for turbidity of whey powder 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
  465.00 
 1219.00 
    5.16 
    0.41 
 1689.56 
  77.50 
1219.00 
   0.86 
   0.01 
5332.54** 
83876.30** 
  59.13** 
** = Highly significant (P<0.01) 
 
4.4.13b Effect of temperature and storage on turbidity of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 54.67 ± 0.055n 65.55 ± 0.103g 60.11 ± 2.435G 
30 55.88 ± 0.059m 66.58 ± 0.070f 61.23 ± 2.393F 
60 57.62 ± 0.113l 68.36 ± 0.058e 62.99 ± 2.401E 
90 59.46 ± 0.064k 69.55 ± 0.061d 64.50 ± 2.257D 
120 61.55 ± 0.097j 71.66 ± 0.017c 66.61 ± 2.261C 
150 62.88 ± 0.067i 73.44 ± 0.067b 68.16 ± 2.362B 
180 63.61 ± 0.049h 75.95 ± 0.029a 69.78 ± 2.760A 
Mean 59.38 ± 0.720B 70.16 ± 0.776A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 
Small letters represent comparison among interaction means and capital letters are used for 
overall mean. 
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4.4.14 Whey protein nitrogen index (mg/g) of whey powder 
The Whey Protein Nitrogen Index (WPNI) is a measure of un-denatured whey protein during 
heat treatment applied to the milk during processing to milk powder. The high temperature 
heating is attributed to the formation of aggregates between the denatured whey proteins in 
the form of soluble complexes in the serum. It has been suggested that the denatured whey 
proteins in the serum act as a bridging material in the acid gel network (Famelart et al., 
2004).  
The analysis of variance of the results of WPNI for whey powders are shown in Table 
4.4.14a while the mean values for WPNI of both treatments (WP160 and WP180) of whey 
powders are presented in Table 4.4.14b. Statistical analysis revealed that temperatures, 
storage periods and their interaction had highly significant effect (p<0.01) on the WPNI of 
whey powders (Table 4.4.14a).   
Results of mean values of WPNI content of whey powder are given in Table 4.4.14b. The 
results revealed that the bit change was recorded in WPNI content throughout the storage 
period; hence decrease in WPNI found in WP160 was from 4.886± 0.064 to 4.833±0.029 mg/g 
and increase in WP180 was from 3.333± 0.009 to 3.383± 0.056 mg/g.   
The mean of means of whey powder samples indicated that the lower WPNI content (3.360± 
0.018 mg/g) was found in WP180 and WP160 (4.834± 0.015 mg/g). The interaction of the 
storage into temperatures showed the significant influence on the WPNI content.  
Pisecky (2005) observed that the whey powder had a high value on the market. Oldfield et al. 
(2005) reported that spray-drying temperatures had significant impact on the whey protein 
denaturation; hence they observed that inlet drying temperatures from 160 to 200 °C and 
outlet from 89-10 °C had no significant effect on the denaturation of β-lactoglobulin.  Later 
on Fang et al. (2012) reported that β-lactoglobulin showed more stability than casein when 
both were dried at different temperatures in a spray dryer. 
The extent of denaturation measured by WPNI is a measure of the concentration of 
undenatured whey proteins. It is used to categorize skim milk powders (SMPs) based on the 
intensity of the heat treatment receives before concentration and drying into low, medium- 
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and high-heat powders. Powders were chosen for particular applications on the basis of their 
WPNI (Kelly et al., 2006). Heat was applied during the preheating, evaporation and drying 
stages, hence the most denaturation occured in the pre-heat stage (Oldfield et al., 2005). 
Kelly and other (2006) studied the heat treatments in the order of 70C for 15 s; 85◦C for 
1min, 90◦C for 30 s or 105 ◦C for 30 s; and 90 ◦C for 5 min, 120 ◦C for 1 min or 135 ◦C for 
30s and found different level of heat denaturation. 
4.4.15 Solubility index of whey powder 
The analysis of variance results are shown in Table (4.4.15a) while the mean values for SI of 
both treatments (WP160 and WP180) of whey powders are presented in Table (4.4.15a). 
Statistical analysis revealed that treatments, storage and the interaction of treatment and 
storage had highly significant (p < 0.01) effect on the SI of whey powders (4.4.15a).   
Results of mean values of SI of whey powder are given in Table (4.4.15b) which revealed 
that there was a progressive increase in SI in powder samples throughout the storage period. 
The increase in SI value in WP1was (0.976± 0.061 - 1.346±0.020  ) and WP2 was (2.053±  
0.007-2.516± 0.359), these results showed that the maximum increase in SI (0.463±) was 
observed in WP2 during the 180 days of storage while the less decrease (0.37) was noted in 
WP160 during whole period of storage. 
The mean of means of whey powder samples present in Table (4.4.15) indicate the highest SI 
(2.290± 0.018) in WP180 and WP160 showed (1.190± 0.015). Similarly the means of the 
storage days indicate that the SI increased from (1.515±0.336 - 1.931± 0.359) during whole 
period of storage. The interaction of the storage into treatments showed the highest SI 
(2.516±0.052) in WP180 at 180 day of storage while the lowest SI (0.976± 0.061) was 
observed in WP160 at 0 day of ripening followed by WP1 at 30 days of storage. 
The insoluble fractions were the material that sediments during centrifugation. They were 
mainly the aggregates of coagulated protein which sediment at the bottom of centrifugation 
tube. The results of solubility closely depend on the method used. Extensive Maillard 
reactions are always accompanied by insolubilization of the protein. 
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4.4.14a Mean square for whey protein nitrogen index (WPNI) of whey powder 
Source of variation Degrees of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
0.007 
126.777 
0.012 
0.002 
126.797 
0.00110 
126.777 
0.00204 
5.952E-05 
18.47 ** 
2129848 ** 
34.33 ** 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
4.4.14b Effect of temperature and storage on WPNI of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 5.886 ± 0.064 3.333 ± 0.009 5.609 ± 0.337A 
30 5.846 ± 0.045 3.376 ± 0.033 4.611 ± 0.455A 
60 5.816 ± 0.013 3.346 ± 0.075 4.581 ± 0.255A 
90 5.803 ± 0.007 3.363 ± 0.063 4.583 ± 0.161A 
120 5.823 ± 0.062 3.346 ± 0.028 4.584 ± 0.373A 
150 5.833 ± 0.038 3.370 ± 0.089 4.601 ± 0.327A 
180 5.833 ± 0.029 3.383 ± 0.056 4.608 ± 0.319A 
Mean 5.841 ± 0.015A 3.360 ± 0.018B    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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The insolubility index increases when milk powder was stored for long at a high water 
content and temperature (Walstra et al., 2006). The solubility of the denatured proteins 
depends on the pH and calcium concentration of the powder (Walstra, 2006). Sithole et al. 
(2005) reported the solubility index of powders vary from < 0.1 to 2.37mL. 
4.4.16 SDS-PAGE of whey powder  
The SDS-PAGE pattern of  whey powder (WP) were obtained after concentration at 48% 
total solids on 12.5% gel (Fig. 4.4.16a  and Fig. 4.4.16b) showed two major bands 
attributable to principle whey proteins β-Lg, α-La and two bands of BSA and Ig (Lane Raw). 
The extreme left lane showed the marker. The SDS-electrophoretic profile of WP dried at 
160°C indicated  an additional band attributed to either covalently bonded dimmers of β-Lg 
or dimmers of α-La and β-Lg or both in the form of aggregate as shown in the lane of 1 (after 
one month) which remained persistent with gradual increase in intensity till the end of 
storage. The other band also appeared near 70kDa marker which could be the aggregate of 
BSA, Ig and β-Lg. the similar results were showed in the WP dried at 18°C. As the 
concentration of dimmer and aggregates increased with storage, the strength of bands of β-Lb 
and α-Lg decreased even the light shade bands appeared on 5th and 6th months of storage.   
A study conducted on reconstituted when exposed to different temperature(75, 85 and 90°C 
for 20 min) by Jovanovic et al. (2007) revealed that during SDS-PAGE analysis 5-7 bands 
appeared at 71 kDa and 141 kDa which were considered the complexes between k-casein, β-
Lg and α-La. The SDS pattern of 90°C/20 min showed the decrease of β-Lg, α-La and 
soluble aggregates. The similar results were also reported by Fetahagic et al. (2002). 
Gelation is an important functional property of whey protein. Their ability to form heat-
induced gels and provide appropriate texture is determined by its molecular structure 
(primary, secondary, tertiary, quaternary), interactions with other components (salts, acids, 
urea) and processing conditions (pH, ionic strength, heating temperature, heating rate and 
cooling). Brncic et al. (2011) observed that whey protein gels are affected by pH. The gels 
prepared at pH 3 showed higher hardness than the gels at pH 7. 
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4.4.15a Mean square for Solubility index (SI) of whey powder 
Source of variation Degree of 
freedom 
Sum of squares Mean squares F-value 
Storage (S) 
Temperature (T) 
S x T 
Error 
Total 
6 
1 
6 
28 
41 
0.9393 
12.7160 
0.0478 
0.0015 
13.7047 
0.1566 
12.7160 
0.0080 
0.0001 
2858.78 ** 
232205 ** 
145.62 ** 
NS = Non-significant (P>0.05); ** = Highly significant (P<0.01) 
 
4.4.15b Effect of temperature and storage on SI of whey powder 
Storage Temperature Mean 
160°C 180°C 
0 0.976 ± 0.061 2.053 ± 0.007 1.515 ± 0.336A 
30 1.026 ± 0.055 2.146 ± 0.003 1.586 ± 0.355A 
60 1.133 ± 0.003 2.186 ± 0.073 1.660 ± 0.355A 
90 1.246 ± 0.003 2.216 ± 0.064 1.731 ± 0.361A 
120 1.286 ± 0.072 2.426 ± 0.026 1.856 ± 0.353A 
150 1.313 ± 0.033 2.486 ± 0.095 1.900 ± 0.357A 
180 1.346 ± 0.020 2.516 ± 0.052 1.931 ± 0.359A 
Mean 1.1900 ± 0.015B 2.2905 ± 0.018A    
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).  
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Havea et al. (2002) studied the denaturation effect of heating on acid and cheese whey 
protein concentrate (WPC) through SDS-PAGE. They observed that the loss of protein from 
SDS-monomer solutions cheese WPC was faster than WPC acid solutions. The accumulation 
of high molecular weight material at the top of the stacking and resolving gels was most 
prominent in acidic solutions than in WPC solutions cheese WPC. Some weak bands in the 
region between BSA and β-lactoglobulin appeared to increase in intensity with heating time. 
The heated samples beyond 4 min showed weak several different bands, which were 
probably proteins intermediate species (eg, α-lactoglobulin dimers, trimers) formed during 
the heating. However, these bands were not observed in the SDS gel of the hot cheese WPC 
solutions. WPC was substantially higher; had negligible effect on the performance of heat-
induced aggregation of the product Havea et al. (2002).  
4.4.17 HPLC analysis of whey powder 
Whey powder was produced by first concentrated to 48% total solids then dried into  powder 
using rising film spray drier of Armfield, UK. The results of the whey powder are presented 
in the Table 4.417, which revealed the significant (p<0.01) impact of treatments on the whey 
proteins.  
The mean values of α-Lb in whey powder produced at 160°C (WP160) was 303.07ppm at zero 
day of storage which increased (200%) to 915.89ppm after 180 days of storage.  This was the 
unusual result; hence the increase could due the reversible change during powder formation. 
In the whey powder dried at 180°C (WP180), the value of α-Lb reduces (43%) from 945 to 
537ppm. Regarding the β-Lg, it was found that it denatured (94%) from 1799 to 101ppm 
during storage of whole period in the WP160 powder samples. In the whey powder (WP180), 
it reduced (52%) from 1601 to 763ppm.  
The content of whey protein BSA in the WP160 was found to be 61ppm in the fresh samples 
which denatured (36%) to 39ppm at the end of storage period. The BSA in the WP180 
samples was measured as 63ppm at zero day of storage which increased to (25%) 79ppm 
after 180 days of storage period. 
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Figure 4.4.16a. SDS-PAGE of whey powder dried at 160°C. The extreme left lane 
contain the marker and next to it the liquid whey. The slots 0 to 6 indicate the SDS 
pattern of whey powder at 0, 30, 60, 90, 120 and 180 days during storage. 
 
Figure 4.4.16b. SDS-PAGE of whey powder dried at 180°C. The extreme left lane 
contain the marker and next to it the liquid whey. The slots 0 to 6 indicate the SDS 
pattern of whey powder at 0, 30, 60, 90, 120 and 180 days during storage. 
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The whey protein CMP was found to be 240ppm at zero day of storage in WP160 which 
decrease (37.5%) to 150ppm during the whole period of storage. In the other whey powder 
samples (WP180), the concentration of CMP reduces (40%) from 327 to 194ppm. It is 
concluded that during spray drying, the denaturation of α-Lb and ß-Lg was more as 
compared to BSA and CMP. The rate of degradation and denaturation varies from 30 to 80% 
during the spray drying, however more was found at 160°C than at 180°C. 
It was observed in a study that the denaturation of all whey proteins is influenced by the pH, 
concentration of salts, sugar and proteins (Fox and McSweeney, 2000). Zhu et al. (2012) 
calculated the denaturation level of different whey proteins during heat processing and 
reported that native BSA does not denatured when the milk is heated to 65°C for 30 min, but 
only 20% at 75°C for 30 min and almost all the BSA was lost at 85°C for 10 min. The 
denaturation level at 85°C for 10 min and 95°C for α-Lb is reported as 60% and 100%. They 
also reported the β-LgA and β-LgB showed the similar trend of denaturation as for the α-Lb. 
It has been observed by previous studies (Moatsou et al., 2002) that whey proteins were very 
heat sensitive modified the  structur of β-Lg by covalent binding with lactose residue. They 
also observed the peaks during RP-HPLCf are of β-Lg because it exist in monomer at pH 
below 3.5 in 0.1% TFA. Elgar et al. (2000) reported that denaturation of whey proteind 
depend upon the concentration, intensity of heating and concentration of calcium ions. 
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Figure 4.3.17a: Effect of  temperature (160° C and 180°C) and  storage period (0-6 
months) on the concentration of α-Lb, β-Lg, BSA and CMP of  whey powder 
 
Figure 4.4.17b: Effect of temperatures (160° C and 180°C) concentration of α-Lb, β-Lg, 
BSA and CMP of whey powder. 
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4.5 Conclusions and Recommendations 
 The results of whey pasteurization show that the temp/time combinations 
significantly affect the pH, acidity, protein, NPN, lactose and total solids.  
 The decrease in lactose, protein, total solids, pH and increase in acidity and NPN was 
higher in LTLT than HTST. 
 In concentrated/evaporated whey, the storage temperature, storage period and 
concentration significantly affected the compositional parameters of whey except ash 
and mineral contents. 
 Storage temperature showed more adverse changes at 4°C than at -20°C, hence the 
more degradation of protein in the form of NPN and viscosity was found in -20°C. 
 There was a significant effect of drying temperature and storage on the pH, acidity, 
fat, protein, NPN, lactose, ash, K, Ca, FC, WPNI and turbidity. The extent of changes 
was less at 160°C than at 180°C during the production of whey powder. 
 The results of SDS-PAGE and HPLC indicated the more degradation in βLg which is 
>50% of the total whey proteins fallowed by αLa, CMP and BSA in all whey 
samples. 
 All heat processing techniques have detrimental effect on the whey proteins which 
ultimately effect functional properties and their food and nonfood uses. 
 The pre-concentration through evaporation is the main factor which deteriorate the 
whey protein quality in the form of denaturation, aggregation and gelation. 
 Hence it is recommend the other ways like UF, RO,  should be used in the pre-
concentration process before converting into powder. 
 Cryoconcentration and freeze drying could be the excellent in the production of 
supreme quality whey proteins.  
 Whey proteins could be used in infant formulas, functional, nutraceutical foods and as 
supplements.  
 Whey proteins used in the food products particularly infant formula should not be 
heated at higher temperatures because the denatured whey proteins lose their 
functionality. 
 For the study of whey protein denaturation, HPLC is preferred on SDS-PAGE. 
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 No doubt the changes in the powder production are lesser than in the concentration. 
 We can’t make good quality powder without pre-concentration, hence the use of 
membrane is recommended for the pre-concentration for Pakistan 
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CHAPTER 5            SUMMARY 
Whey is being recognized as a byproduct of the cheese industry in many countries but in 
Pakistan it is still an effluent which is primarily disposed of in the drain and a source of great 
loss in the dairy industry. The cheese industrialists are interested to process the whey which 
is about 90% of the cheese production and increase the profit. This whey can be transformed 
into various products (pasteurized whey, whey protein concentrate, whey protein isolate, 
demineralized whey protein, hydrolyzed whey protein, whey powders etc) which are used as 
ingredient in the development of many functional and neutrceutical foods. The conditions 
used for the productions of these products have some positive and negative impact on the 
composition and proteins quality whey which ultimately can limit their use.  
Considering these factors and available facilities, the project was planned to process the raw 
whey into pasteurized, concentrated and powder. The raw (liquid buffalo whey) was 
procured from the cheese industry which after clarification was used to transform into 
pasteurized, concentrated and dried whey powder at College of Technology, Faisalabad-
Pakistan, while their analysis was carried out at National Institute of Food Science & 
Technology, University of Agriculture, Faisalabad-Pakistan. All the whey products were 
evaluated through various physicochemical, SDS and RP-HPLC analysis. For the better 
description and understanding of the results, the study was divided into three sections. The 
first section deals with the pasteurization, 2nd with concentration and 3rd with spray drying for 
powder production. 
The raw whey was analyzed for pH (5.5), acidity (0.27 %), fat (0.3 %), protein (0.76 %), 
NPN (0.15 %), lactose (4.76 %), total solids (6.2 %) and ash (0.43 %) contents before 
processing. For the pasteurization, two methods, low temperature and longer time (LTLT: 
65°C/30 min) and high temperature shorted time (HTST: 72°C/15 s) were selected. The 
impact pasteurization methods, storage periods (0 and 7 day) and their interaction was 
examined on the different attributes of pasteurized whey. Statistical analysis of the data 
showed the significant (p<0.01& p<0.05) effect of all the above mentioned factors on the pH 
, acidity, NPN and total solids, while there was no effect (p>0.05) on the fat, ash, Ca, K and 
Na contents of liquid whey. It was obvious from the results that lactose and protein 
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significantly reduced and NPN increased during storage, however it was concluded from the 
results that LTLT is the better option for whey pasteurization considering the denaturation 
level through SDS and RP-HPLC. The liquid whey was then concentrated after LTLT 
pasteurization through rising film evaporator (Armfield, UK) @ two levels (38 and 48 %) 
which were stored later on at two temperatures (4°C & -20°C). The impact of storage period 
(0, 15, 30, 45 and 60 days), concentration levels (38 & 48%) and storage temperatures was 
analyzed on different quality parameters of concentrated whey. The increase in acidity (0.22 
%), NPN (0.116 %) and decrease in pH (0.9), fat (0.05 %), protein (0.018 %), lactose (7.37 
%), total solids (3.37 %) was observed during 60 days storage period.  Regarding the pH, 
more decline was noticed at -20°C and in 48 % concentrated sample. The results of acidity % 
were reversible to pH. Higher concentration of protein and NPN was noticed in 48 % 
concentrated whey. NPN content was higher (1.214 %) in samples stored at -20°C than at 
(1.204 %) 4°C. The viscosity of concentrated whey increased (640 to 654 cP) during storage, 
higher in 48 % samples (658 cP) than 38% (637 cP), while no difference was notices at both 
storage temperatures. No impact on ash, Ca, Na and K was noticed, the difference was just 
due to concentration levels. There was higher (5.21 %) decrease in lactose content at 4°C and 
at -20°C (3.54 %). Regarding the total solids of concentrated whey, it was found that lactose 
content was higher (42.08 %) at -20°C than that of at 4°C (41.54 %). The SDS-PAGE 
chromatogram showed the two major bands of α-Lb and β-Lg and one above these the 
dimmer of β-Lg, hence the higher intensity of band was found at -20°C and more degradation 
of band was noticed in 48% concentrated whey. As the RP-HPLC profile of whey is 
concerned the denaturation was recorded in α-Lb (54 %) and β-Lg (61-84 %) than the BSA 
and CMP (36-55 %). 
Spray drier (Armfield, UK) was used for whey powder (WP) production from 48 % 
concentrated whey at two inlet temperatures (160 and 180°C). During this part of study the 
influence of drying temperatures and storage periods (0, 1, 2, 3, 4, 5 & 6 months) was studied 
on various attributes of whey powder. The moisture content of WP dried at 160°C was higher 
(0.50 %) than at that dried at 180°C, hence increase in moisture was higher (1.24%) in 
samples of 180°C than that of 160°C (1%). Both factors (temperature and storage period) and 
their interactions have significant (p<0.01) effect on the pH, acidity, lactose, foaming 
capacity (FC), foaming stability (FS), turbidity, RP-HPLC profile of WP. The pH decrease 
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from 5.49 to 5.39 during storage and higher value (5.47) of pH was recorded for WP at 
160°C than noticed in (5.38) WP processed at 180°C.  
In contrary of pH, the increase in acidity was higher (0.24%) in WP processed at 160°C than 
that at 180°C (0.15%). Very little change was recorded for the fat content, hence higher level 
was present in WP of 160°C (4.51%) than in WP of 180°C (4.46%). The lactose content 
decreased from 66 to 61% during 6 months and the WP dried at 160°C showed the higher 
value (64.85%) than of WP at 180°C (60.40). The degradation is attributed due the enzymatic 
hydrolysis by contaminating bacteria or the indigenous enzymes. There was little effect of 
temperatures on the protein content; the NPN increased (0.14%) during storage; however the 
increase @ 160°C and 180°C were recorded as 0.13 and 0.14% respectively. The results of 
foaming capacity (FC) decrease from 60 to 56% during storage. The higher FC was noted in 
WP of 160°C than that of 180°C. Regarding the results of foam stability (FS), a decrease of 
0.52 mL was noticed during storage. FS value of WP samples processed at 160°C was higher 
than that of 180°C which could be due the low level of denaturation at 160°C. The turbidity 
of whey powder increased from 54 to 63% in WP of 160°C and 65 to 75% for WP samples 
dried at 180°C during storage. WPNI of whey sample fall in the range 4 to 5mg/g. The higher 
WPNI value was found in samples processed at 160°C than those of 180°C. SDS-PAGE 
indicated the dimmer formation near 36 kDa and aggregate near 70kDa bands. The intensity 
of these bands increased with the temperature and storage period. The RP-HPLC profile of α-
Lb, β-Lg, BSA and CMP indicated that there are two peaks of β-Lg A and B, which were 
joined at the baseline and bifurcated above that. From the results, the denaturation level of 
these proteins was calculated in % age. It is concluded from the whole study that the LTLT is 
the best processing operation for the whey pasteurization and 48% is the better concentration 
level for the production of concentrated whey. Regarding the condition for the production of 
powder, the 160°C is the good option for getting the powder with good foaming capacity, 
turbidity, and solubility point of view; however for the foam stability and other properties 
180°C would be the preferred temperature.  
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